




ABSTRACT

Quality maintenance of soft-shel.l clams, ~M a arenaria, from

harvest through processing was the focus of this project, The project

was divided into several sections definable as: 1! depuration

studies, 2! growth rate of bacteria in clams under constant tempera-

ture environment, 3! cooling methods for clams, 4! on-board harvesting

boat cooling studies, and 5! engineering analysis of the industry.

Depuration studies resulted in development of a very adequate

ultraviolet  UV! sterilization unit, an efficient aeration system and

a unique particulate filter with built-in backwashing options. The

total depuration system did not adequately depurate clams in the s~all

number of tests run.

Clams were placed in a controlled temperature chamber and bacte-
0rial count monitored over about a 60 hour period. Temperatures of 40

0 0 0 0 0
50 , 60 , 70 , and where needed, 80 and 90 F were used while standard

plate count, total coliform and fecal. coliform count were monitored.
0

Results indicate bacteria in clams held at 50 F or below do not show

significant growth in the 60 hour stor'age period monitored. Clams

harvested in four seasonal periods showed essentially no differences

in bacterial growth due to seasonal effects.

Cooling methods for soft-shell clams were investigated usi.ng

three cooling mediums  ice, dry ice and mechanical refrigeration!,

four container designs and three cooling systems. Three of the four

container designs were tapered as a standard clam  or apple! basket but

had varying amounts of open space in the sides. The fourth container

was a rectangular solid and sized to tightly fit into the cooling

chamber. Cooling systems consisted of a static box  natural convection

only!, a one-bushel. forced air unit and a six-bushel forced air unit.

The natural convection system proved unsatisfactory with a11

containers tested and all three cooling mediums, primarily due ta very

slow cooling rate. Cooling rate was slowest with ice, intermediate

with dry ice and fastest using mechanical refrigeration in the one-

bushel forced air unit. However, freezing and CO exposure could cause
2

damage to the clams using dry ice and extended holding periods, Ice



proved a satisfactory cooling medium in the six-bushel unit und~ r

simulated commercial loading conditions.

The solid rectangular container cooled fastest due to better air

flow through the container. The three tapered containers cooled at a

xate in direct proportion to the amount of open area in the sides of

the basket. Greater open area resulted in faster cooling if all other

parameters remained constant.

On-board harvesting boat cooling studies wexe designed to det"r-

mine if immediate on-board cooling was better than conventional

industry practice. It appears that cooling quickly upon harvest

compared to placing the clams under refrigeration six hours after

harvest  approximating conventional industry practice! had the Follow-

ing result 49 hours after harvest: plate counts were not significantly

different; total coliform counts were significantly lower in clams

cooled on � board; fecal coliform counts were not significantly

different.

An engineering analysis was completed for the Maryland soft-shell

clam industry. This analysis resulted in an operations-process chart

detailing all processes a clam undergoes from harvest to market,

Recommendations were made to improve processing and transporting

practices in the industry, In addition, relationships were developed

to predict the meat weight and weight of other clam parts from shell

length or live weight measurements. Other infoxmation developed

included: 1! clam shucking rates for hand shuckers, 2! cooling rates

in industry coolers> 3! effect of shading full baskets of clams while

on board harvesting boats.
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I . INTRODUCTION

The Maryland soft shell clam industry has been troubled by hi; h

bacterial counts, particularly during warmer summer months. Severs]

phenomena have been suggested as possible causes among which are: I i

environmental stresses of low salinity, high temperatures or heavy

harvesting pressure; 2! poor handling of the clams after harvest; 3r

accidental contamination of the clams with bacteria sometime between

harvest and market; 4! poor sanitation practices during handling,

transportation, and processing; 5! pollution of clam growing areas by

natural or man-made materials, etc. Although many theories have been

put forth, none have been proven to be the primary cause.

Because the soft shell clam industry is a major contributor to the

total Maryland seafood industry  Table 1! and economy of the State, the

industry, management agencies, and regulatory agencies were concerned

over the bacterial problem, As a result of this concern, the research

described in this report was initiated in the Spring of 1972. Funding

of the research was a cooperative effort of the Office of Sea Grant in

the National Oceanic and Atmospheric Administration, the Maryland

Department of Natural Resources and the Maryland Department of Health

and Mental Hygiene. Cooperation of the Chesapeake Bay Seafood I~d~s-

tries Association and several Maryland watermen and soft shell clam

processors made it possible to carry out project obj ectives. The

actual proj ect work was carried out by personnel from the Agricultural

Engineering, Veterinary Science and Dairy Science Departments of the

University of Maryland.

Initial project focus was to develop an engineering and product

quality survey of the soft shell clam industry in order to define the

extent and source of the high bacterial counts. Unfortunately,

hurricane Agnes struck the Chesapeake Bay and its drainage basin on

June 1923, 1972 before significant progress was made with the survey.

This storm dumped massive amounts of water  over 12 inches of rain in

24 hours in many areas! over a large portion of the total drainage

basin. The massive fresh water influx into the Bay reduced salinity
far below normal. throughout the Bay. Extremely high air temperatures



for an extended period immediately after Agnes rapidly increased water

temperatures. The combined stress of warm water and extremely low

salinity caused mass mortality of soft shell clams. Flooding of sewage

treatment plants and other facilities located along rivers flowing

into the Chesapeake Bay, due to the extremely high runoff rates during

and immediately after the storm, contaminated water entering the Bay,
Thus, immediately after hurricane Agnes and for the remainder of 1972

harvesting of soft shell clams was prohibited in the entire Bay for

health reasons.

TABLE 1. POUNDS OF SOFT-SHELL CLAM MEATS HARVESTED IN MARYLAND AND
THEIR DOCK SIDE VALUE, 1960-1975

Value in DollarsPounds HarvestedYear Reference

Marsco and Tinklepaugh, 1974
b
Maryland Landings, 1971

c
Fishery Statistics of United States, 1972

Maryland Landings, 1973
e
Maryland Landings, December 1974

f
Maryland Landings, December 1975

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

5,568,800
4,692,000
6,767,400
6,858,500
8,164,300
7,654,400
7�06,900
5,212,300
5,578,900
7,909,500
6,221,300
5,986,128
1!949
00

668,688
1,766,136
1,057,176

1,593,802
1,231,082
1,513,249
1,499,405
1,667,098
1,548,310
1,649,563
1,610,589
1,869,705
2,800,344
2,433,724
2,993,064
1,014,782

557
40
1,501,210
1,014,842



Clam mortalities were so severe the clam bottom was kept closed

for conservation purposes until June 1, 1973. On June 1 limited clam

bottom was opened for harvest with strict harvest limits imposed for

resource conservation. However, on June 23, 1973 harvest was again

stopped because clam bacterial levels at the processing plants were far

too high for safety. The season remained closed until August 27, 1973.

Since the clam season was closed except for a three week period

between June 20, 1972 and August 27, 1973, the commercial harvest of

clams was prohibited. Clan processing operations were also closed due

to I.ack of clams. This made it impossible to conduct an engineering

and product quality survey of the industry. Thus, project priorities

were reordered and the work was conducted differently. However, the

primary emphasis of the project was to look at various segments of the

industry and to determine if alternative practices would reduce

bacterial levels in the clams.

High bacterial levels appeared to be a particular problem in the

warmer sunnner months. The closing of harvesting during hot weather

would be one solution to the problem. Unfortunately, the primary

marketing period for soft shell clams is summer, Table 2, and closing

the industry during this period would destroy it. Thus, an attempt was

made to develop solutions which would permit the industry to produce

high quality clams year around.



TABLE 2. MARYLAND PRODUCTION AND DOCK SIDE VALUE OF SOFT SHELL

CLAMS HARVESTED BY MONTH FOR 1975

a
Re ferenceValue, $Landings,

lbs meat
Month

87,444 6679Jan.

Feb. 69,120

86,544

6698

March

April

6744

6763

6782May

June 6803

July 6830

6849Aug.

Sept. 6869

Oct. 6888

Nov.

Dec.

6933

6952

a Numbers listed under reference are the current Fisheries Statistics
number as listed in the References section of this report.

119,460

121,620

94,812

143,628

90,984

27,780

10,620

12,144

7,992

72,870

57,600

72,120

99,550

10].,350

79,010

128,667

136,476

415670

16,815

20,240

13,320



II, CLOSED CYCLE DEPURATION SYSTEM AND HOLDING TANK

Purpose

Two of the original objectives of this investigation were

concerned with the closed cycle depuration of clams and the effect of

air temperature on the bacteria growth rate of clams in storage. As
the latter tests were to utilize clams harvested from different

locations as well as over a period of time spanning several seasons, it

was anticipated that these variations would influence the initial.

bacterial level in the clams at harvest.

Therefore, prior to the start of the bacteria growth rate

 storage! tests, a one-bushel size depuration system was constructed.
Clams obtained for the storage tests were first placed in the depura-

tion system for a period of 24-48 hours prior to their transfer to

storage in an attempt to establish a relatively constant bacterial

count for all clams as placed in storage regardless of initial bacteri-

al load at harvest.

Equipment Description � One-Bushel Depuration System

The depuration unit was of closed system design and used municipal
a

tap water and Instant Ocean, an artificial sea salt. Sufficient salt

was added to achieve a salinity of S-l0 ppt as determined by a Yellow

Springs Instruments Hodel 33 Salinity Heter.

The major components of the system included a water holding tank,
aerator, water sterilizer, clam holding tank with rack, sand filter,

water chiller, a lifting hoist and miscellaneous pumps and plumbing.
The main water holding tank also served as the base for the rest

of the system. Tank size was 4 X 8 by 2 feet deep constructed of

a
Trade name of an artifici.al sea salt manufactured by Aquariums

System, Inc. Trade names are used for clarity and their use does not
imply endorsement of the product by the University of Maryland or any
funding agency.



5/8 inch plywood glued together with inside corner fillets and outside

2 X 3 inch wood bracing. Located in one corner was a 12 inch square

sump to allow complete pump-out of the entire contents with a submers-

ible pump. The inside surface of the tank was coated with Shell Co.

Epon 828 epoxy resin using hardening agent T.

Water was pumped from the sump of the main tank to the tap of the

aerator, Fig. 1. The upper four ll X 18 by 1 inch deep trays were

perforated with 1/8 inch diameter holes spaced 1 inch on center, The

4 inch deep bottom tray had a stand pipe overflow to the main tank

which maintained a constant water level for that portion of the aerated

water going to the ultraviolet  UV! treatment unit. Aeration was more

than sufficient to maintain the water near saturation. Water dropping

between trays splashed excessively, necessitating the installation of

a splash shield around the aerator.

Water at the rate of one GPM was carried by gravity from the

aerator to the water treatment unit, Fig. 2. This unit was constructed

of epoxy coated wood. Water was directed over and between baffles so

that it followed a 90 inch long path under three G30T8 30 watt

ultraviolet lamps with reflectors. The majority of the UV lamp output

was concentrated near a wavelength of 2537 R. Maximum water depth was
1 inch and the center of each lamp was located 5 inches above the water

surface. Slow deterioration of the epoxy coating was experienced due

to the high UV energy levels and/or the moderate effectiveness with

which the epoxy adhered to wood.

The germicidal effectiveness of the UV unit is indicated in

Table 3 both at 1 GPM and at selected higher rates.

Plate count reduction at the 1 GPM flow rate was satisfactory

except for treated tests 21 and 46. Total coliform reduction was good.

At higher flow rates plate count reduction was less effective. The

germicidal lamps were in use for 2/3 of their rated life as of test

850.

Treated water flowed by gravity from the UV treatment unit to one

end of the clam holding tank. The tank consisted of a cast iron

bathtub coated on the inside with epoxy resin. An adjustable overflow

at the downstream end provided water level control. An emergency



FI ,. i Aerator unit for the one � bushel

depuration system.



FIG. 2 Inside of UV water treatment unit.
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spillway discharged water directly to the main holding tank in the
event the main overflow clogged. The original tub drain was plumbed

with 1 1/4 inch pipe to both the sand filter and a waste sump.

The original trays for holding clams were made of wood, They

proved to be unsuitable as they floated and the slotted des ign allowed
siphons to get wedged between the slats. Wood is also not a good

material from a sanitary standpoint.

A set of four trays were constructed of PLexiglas and polyethylene

mesh, Figs. 3 and 4, They were tied together with nylon rope in such a

fashion that when all trays were suspended on the ropes, there was an

8 inch access space between trays. When in water, the trays rested on

top of each other. A winch and cable assembly, Fig. 5, facilitated
lifting the trays out of the tank.

Normal overflow from the cJ.am tank gravity fed into a 11 X 11 inch

sand filter  Fig. 6!. Experimentation with particle sizes for the

upper layer of sand determined that particles smaller than 20 mesh

�.0331 inch openings! would clog rapidly. Water to be treated flowed

downward through the sand layers, through a perforated false bottom,

through the side of the filter then up an adjustable stand pipe. In

this manner the water level was maintained above the sand level to

prevent erosion of the top layer of sand by the incoming water. The

outflow pipe was also connected to a tap water supply for reverse

flushing. A series of baffles below the bottom gravel layer reduced

the high velocity inlet water during back flushirrg to a gentle upward

flow that was uniform across the entire bottom of the filter. Two

1 1/4 inch pipes carried the back flush water to a waste sump. Capaci-

ty of these two pipes limited the flushing rate to a maximum of
218.3 GPM per ft , This rate was sufficient for washing and is in the

middle of the recommended range for this type of filter. Mechanical

agitation of the upper sand layer improved the back flushing process.
0

Since the ambient room temperature of 75 F or above was too high

for the c Lams, cooling of the water in the sys tem was required. A

water-alcohoL solution cooled by an Edwards Engineering Company CC � 1A

packaged water chi lier, Fig, 7, circulated through a heat exchanger.

constructed of 50 feet of 1 inch polyethylene pipe placed in a horizon-

tal spiral coil in the bottom of the mairr holding tank. The low
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FIG. 3 Upper two Plexigl as cj am trays posf tioned
for servicing.

Fig. 0 Detail of clare tray.
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FIG. 5 Clam tray winch and hoist assembly
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FIG. 6 Main sand filter for holding system.
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FIG. 7 One � ton water chiller for depuration system.

FIG. 8 One bushel depuration system.
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thermal conductivity of the polyethylene was accepted as a trade-of f to

get its resistance to salt water corrosion. The system was adequate to
.o o

maintain 61 -65 F in the clam tank.

The subme!.-sible pump, a Little Giant model 3E � 12N, provided

circulation through the depuration system. All plumbing was either

black polyethylene semi-flexible pipe, schedule 80 PVC pipe or Tygon

tubir»g. Fi.g. 8; hows the assembled system.

Experience with the one-bushel system demonstrated that it was

too large to be fully tested and optimized. Construction was initiated

on a d».p»»x ation un i, t havi ng f our separate 1/4 bushel sys tems. Thus

witt» a o!!» busheI lot of clams, any test variable could be evaluated at

four di fferent '.lave'ls of that variable at once  eg. water temperature,

-al in i ty, salt type, flow rate, chemical composition, oxygen level,

and tank c<»nf 'ig»»;ation! . Construction was initiated and a support

basin, sump pump and 3 ton water chiller were installed, Fig, 9, At

this point other objectives of the proj ect were deemed more important

and no further investigations of depuration were conducted. However

both syst »as were r»sed extensively as holding tanks for up to a

combined total of eight bushels of clams for use in the cooling

studies.

A 7 inch diameter, sand filter was designed for use with the four

1/4 bush»!». d<'.pure t io;» syst»!ms. It was designed to be removable from

its point, of u, e to a washing station for back flushing, Fig. 10 shows

the fiLter, washir»g base and collector. Fig. 11 shows the filter in

use while Fig. 12 shows the filter with the flushing base and collector

during the back flushing process. Holes in the filter bottom and in

the flushing base were aligned when the filter was placed on the base.

An 0 � ring provided sealing between the filter. and the base. The

collector, held on top of the filter by hand, collected the waste water

and di.rected it to a drain. The base was connected through a flow

control valve to a water supply. Water flowed into the base, up

through the aligned holes and up through the sand, Mechanical agita-

tion of the sand aided the reverse flushing process. Although the

system worked reasonably well, the addition of a clamping device to

hold the base, filter, and collector tightly together would improve

operation. This type of filter installation e]iminated the need for

extensive permanent backwash plumbing at each filter..
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FIG. 9 Support basin and water chill er for the 4-unit
depuration system, set up as a holding tank.

FI '. lO Seven inch sand filter, washing base and
collector.



I'IU. ll Sand filter in use in holding system.

FI ;. 12 Method for back washing of seven inch
sand filter.
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Operation � One-Bushel System

The conditions within the depuration system were stabilized prior

to introduction of clams. Water and salt were added and circulation

started in order to add oxygen and remove chlorine. Only healthy,

unbroken clams were placed on the trays. After placement the clams

were rinsed with tap vater, this water going to vaste. The racks were

lowered into the clam tank and the water supply from the aerator

started. Filling time to cover the top layer was about 20 minutes.

Every 24 hours during operation the inlet water to the cIam tank was

cut off and the clam tank was drained through the sand filter. The

clams and tank were rinsed with tap water, this water also going to

waste. While the clam tank was refilling from the UV treated water

supply, the sand filter vas reverse flushed. An intermediate collect-

ing barrel  sump! was used to temporarily hold the flushing water as

the 18 gpm flushing rate was greater than the volume that could be

pumped to the nearest sanitary sewer connection. Hake-up water  tap

water! vss added to the system as needed,

ResuIts

The one-bushel depuration system was evaluated during the Spring

of 1973. Fig. 13 provides a graphical presentation of results from

plate count analysis while Fig. 14 provides simiLar results from total

coliform analysis. Statistical analysis of data for each test showed

that only test numbers 7 and 8 on the plate count data showed a slope

different than zero. Even for these two curves the slopes were just

significant at the 5 percent level. Thus, for practical purposes no

significant depuration occurred for either plate count or total coli-

form. The reason for this is unknown, although it is probably due to

incorrect or rapid changes in temperature and!or salinity between the

depuration water and harvest area water.
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FIG. 14 Total coliform results, one-bushel depuration system.



Conclusions

The following conclusions can be drawn from the depuration

research:

1, The UV unit provided good disinfection of the inflow water.

2. The aerator provided water approaching oxygen saturation.

3, An cas:eely backwashed portable sand filter was designed.

4. The total depuration system was ineffective as operated for

an unknown reason.
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III. GROWTH RATE OF BACTERIA IN SHELLSTOCK DURING STORAGE
AT SELECTED TEMPERATURES

Objectives

The effectiveness of refrigeration in stabilizing the bacteria

levels in meat and fish is well established. The soft shell clam is

somewhat unique in that the clam is kept alive after harvest until it

is shucked or steamed. A procedure for treating shellstock between

harvest and processing should be designed to: 1, keep the clam alive,

2. stabilize the level of bacteria within the clam, and 3. prevent

any changes to the meat such as taste, texture or appearance,

Current industry practice is to store clam shel.lstock at ambient

air temperature during the harvest and transport phases, then to place

the baskets in refrigerated walk-in coolers. The objective of the

study herein discussed is to determine the effectiveness of various

holding temperatures in controlling bacterial growth in l.ive soft-
0 0

shell clams. Temperature levels selected were 40 F through 70 F in
0 0

10 degree increments with several additional tests at 80 F and 90 F.

Equipment

A constant storage environment was maintained by placing the

clams in a controlled environmental chamber. The chamber interior
0 0

temperature could be held within +2 F at any temperature between 34
o

and 100 F. The chamber functioned by alternately operating heating and

cooling systems. Since condensation on the cooling coils was piped out

of the chamber during the heating cycle, a DeVilbiss Model 280 portable

mist type humidifier was used to maintain a high humidity withi~ the

chamber and prevent drying of the clams. A Bendix Model 566 portable

psychrometer was used to measure humidity withi~ the chamber during

tests.

Clams were held within the chamber on 1/2 inch mesh racks approxi-

mately 36 inches long by 18 inches wide, Fig. 15. These racks were

elevated six inches above drip pans. The pans col.lected any fluids
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FIG. 15 Method of supporting clams during the bacterial growth
rate  storage! tests.
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dripping from the clams which kept. the chamber clean. The six inch
spacing between rack and pan prevented clam siphons from becoming
accidently contaminated if the siphon hung below the wire mesh.

Procedure

Clam specimens used in the chamber tests were either purchased

from commercial watermen or provided by the Maryland Department of

Natural Resources. The clams were harvested in the morning and ~cached

the dock by early afternoon where they were picked up by project

personnel. Project personnel had no control over harvest time, harvest
Location or handling prior to pickup other than verbal assurance of

recent harvest. Since the clams were harvested directly into one-

bushel baskets, they were purchased in these same containers, usually

one bushel at each pickup. The clams were transported to the labora-

tory in the trunk of a car or occasionally in the back of a pickup
truck. If transported by truck, they were covered to prevent air

drying during transport.

Clams in the Spring 1973 series of tests, the first set run, were

placed in the one-bushel depuration system for 24 to 48 hours prior to

being placed in the environmentally control.led test chambers. The

depuration system was used in an attempt to reduce variability in

initial clam bacterial counts harvested from different locations,

However, bacterial analysis of clams from the depuration system

revealed only a small reduction in bacteria levels with time. Thus, in

all chamber tests after the Spring 1973 series, the clams were placed

directly in the environmental test chamber from the transport vehicle,

eliminating the depuration step.

Chamber temperature was preset and the desired temperature estab-

Lished prior to introduction of the clams. The screens for holding

clams were autoclaved and placed in the chamber immediately before the

clams were hand placed into the screens. Clams that were noticeably

sick, injured or had broken shells were discarded. There was no

discrimination by size as most clams were close to the 2 1/4 inch

minimum legal length. For the majority of tests conducted in winter,
0

incoming clam temperature was within 10 F of the chamber temperature.
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Thus, relative to the total test duration, a negligible time period was
needed for the clams to reach chamber temperature. Summer tests at

40 F and 50 F were always started with the clams warmer than the0 o

chamber setting.

Clams were sampled periodically throughout the test for bacterial

analysis, one sample consisting of enough clams to fill a 6 x 8 inch

polyethylene bag or approximately 12 clams. Time of sampling was

determined by the working hours of the laboratory technician and normal

operating hours of the Animal Health Laboratory. An experienced

technician could analyze six samples received by 9 AM plus six samples

received by 2 PM for two days running plus six samples the morning of

the third day for, a total of thirty samples per week. Some of the

storage tests generated fewer than 30 samples due to concurrent

sampling from the depuration system, Samples taken at times other than

9 AM or 3 PM  i,e., 12 noon, 6 PM or 11 PM! were refrigerated at
0approximateIy 34 F until the next normal submission time.

The sampled clams were analyzed for standard plate count, total

coliform numbers and fecal coliform count using standard methods

 procedures summarized in Appen,dix C!. Plate counts were determined

using direct colony counts while total and fecal coliform counts were

carried out using the most probable number and a five tube dilution.

Gas produc.ti.on indicated presence of co1iforms.

Results

Results of the chamber tests are presented on semilogarithmic

plots in Appendix A. The graphical results are shown by test series.

The Spring 1973 test series  done from 4-13-73 to 6-15-73! is shown in

Appendix A-1; the Winter 1973-74 series  done from 9-4-73 to 3-28-74!

is shown in Appendix A-2; the Summer 1974 series  done from 4-22-74 to

11-6-74! is shown in Appendix A-3 and the Winter 1974-75 series  done

from 2 � 4 � 75 to 4-11-75! is shown in Appendi.x A � 4. Table 4 summarizes

the number of tests run at each temperature within each series.

Within each series the individual tests are arranged as follows in

Appendix A. All plate count results are shown first, starting with the
040 F tests and progressing to higher temperatures. Plate count data
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TABLE 4. SVMMARY OF CLAM STORAGE CHAMBER TEST DATA

No. of Data Points

No. of Plate

tests count

Total Fecal

coliform coliform
Test Chamber

0
Series temp., F Test no.

Spring
1973

10

38

10

14
15, 17
16, 18, 33, 34
37, 38
29, 30, 35, 36
25> 26, 31, 32
23, 24
21, 22

40

50

45, 46, 47, 57
41, 50, 51, 53
39, 52, 55, 56
40, 49, 54
42, 58
44

Winter

1973-74

Summer

1974

Winter

1974-75

60

70

80

90

40

50

60

70

80

90

40

50

60

70

40

50

60

70

63, 65, 66,
61, 62, 64
60, 67, 1R,
59

4R, 8R
5R, 9R
6R, 10R
7R, 1IR

68, 69 5
3

2R

1

20

20

10

10

25

33

32
18

13

34

28

24

9

10

10
10

12

20

20

10

10

25

33

32

19

13

4

34

30
24

9

10

10

10

10

14

33

22

19

13

34

20
24

9

5

10

10

5
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points from all individual tests within the series done at the same
temperature are shown on one graph. The single line on each graph is
derived by treating all data points as if they were derived from one
test and calculating a linear least squares regression Line using the
log of count versus time in hours. Each point on the graph is the
average of from I to 6 samples. The average was cal.culated by
averaging the individuaL logarithms from samples taken at the same

time, This assum: s a logarithmic growth curve for the bacteria. After

the individuaL count graphs for each series is a summary graph. This

graph has the caLcul -.ted regression lines for each temperature within
the series and a.I1 ows visual comparison of the regression lines for all

temperatures with ir, the series. After the plate count summary graph,

total coliform data is presented in a similar arrangement. Where

sufficient data was available, fecal coI.iform results for the series

are presented after the total coliform summary graph. A similar

arrangement is followed for each test series.

The data were analyzed using linear regression applied to the

logarithm  to the base 10! of the appropriate bacterial count and the

time in hours after the clams were placed in the controlled environ-

mental chamber. Slopes and elevations of these linear regression lines

were calcrrlated and compared using the Simultaneous Test Procedure

 Sokal and Rohlf, iq69! to determine if slope and/or elevations of the

curves were statistically different. A five percent level of signifi-

cance was ur ed, Two different analyses were run using this procedure.

The first analysis considered all tests run at a particular temperature

and determined if there were differences between tests run at different

seasons. The second analysis grouped alI data taken within a season

and determined if there was a difference between bacterial growth rate

in cl.arns held at various temperatures.

Tables 5, 6 and 7 summarize the results of the first analysis

where differences between seasons at each temperature are of interest.

Table 5 shows the plate count results, Table 6 the totaI coliform

results and Table 7 the fecal coI.iform results. The superscript

letters beside the slope and elevation values indicate which values are

significantly different than the others in the set. Values with thr
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same superscript are not significantly different from each other.
0Using the 40 F plate count data as an example, none of the slopes are

significantly different from any of the others, In the elevations
column  elevations are related to the zero time intercept!, Sp73 is

significantly different from W73-74 but not from S74 or W74-75. S74 is

significantly different from W73-74 and W74-75 but not Sp73. W73-74 is

significantly different from all the other values, Similar compari-
sons can be developed from the set of slopes and elevations for each

temperature in Tables 5, 6 and 7, It should be noted that elevations

are measures of differences in initial counts only when slopes are the

same.

The slopes are a measure of the growth rate of bacteria within the

environmental chamber. The elevations are generally a measure of the

absolute bacterial count in the clams and are, thus, primarily a

function of the initial bacterial count in the clams when they were

placed in the chamber. Thus, slope differences are primarily due to

experimental variables of season  in Tables 5, 6 and 7! and/or tempera-

ture, while elevation differences are due to uncontrollable variables.

'In Tables 5, 6 and 7 slopes are significantly different only in
0 0the 60 F tests for plate counts and in the 70 F tests for total

coliform. There are no known unusual circumstances which could explain

these two cases. Thus, the test results must be considered correct.

However, excluding these two cases there are no significant differ-

ences in slope  i.e., bacterial growth rate! due to harvesting season

for plate counts, total coliform or fecal coliforms in the tests.

Thus, one can generally say, based on the data available from these

tests, that bacterial growth rate for the total bacterial population

 plate count, total coliforms and fecal coliforms! is not dependent on

the time of year in which the clams are harvested.

The effect of season on the regression curve elevations is

variable. The reasons for this are not readily apparent. However> the

wide variation in bacterial levels from one location to another is

probably the major reason. The inherent variations found in all

bacterial analysis add to these differences.
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TABLE 5. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR PLATE COUNTS BY SEASON FOR VARIOUS TEMPERATURES, THE ELEVATIONS
ARE GIVEN AS LOGARITHM TO THE BASE 10 OF THE BACTERIAL COUNT AND THE
SLOPES ARE THE RATIO OF THE LOGARITHM OF BACTERIAL COUNT DIVIDED BY

T11E TIME IN HOURS SINCE THE TEST STARTED.

Seasan

and Year Slope
Temperature,

F E1.evations

40

60

70

O. 0464

0,0495

3. 751.

3.566

80 Sp73
W73-74

0.91

0.85

0.0403

0.0604

3.880

3.866

90 Sp73
W73- 74

0,66

0.97

Sp73 = Spring 1973 series
W73-74 = Winter 1973-1974 series

S74 = Summer 1974 series

W74-75 = Winter 1974-1975 series

** Superscripts indicate statistical significance. See text for
explanation.

Sp73
W73-74

S74

W74 � 75

Sp73
W73- 4

S74
W74-75

Sp73
W73-74

S74

W74-75

Sp73
W73-74

S74

W74-75

0,0018

0.0002

0.0045
-0.0042

0.0016

0.0021

0.0048
-a.OO9O'

0.0153
-0.0022

b

0,0126

0.0110

0.0026

0.0183

0.0114

0.0035

4. 329

3.656

4. 294

4,807

4.776b
3.813

4.951

4.808

4 791b
3.787

4.711

4.752

4.808

4.188

5.251

4.870

0.09

0.01

0. 22
-a. 17

0. 08

0.16

0.10

-0.43

0.62
� 0.11

0,40

0.58

0. 15

0.48

0.81

0. 1.2
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TABLE 6, REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR TOTAL COLIFORM COUNTS BY SEASON 'FOR VARIOUS TEMPERATURES. THE
ELEVATIONS ARE GIVEN AS LOGARITHM TO THE BASE 10 OF THE BACTERIAL
COUNT AND THE SLOPES ARE THE RATIO OF THE LOGARITHM OF BACTERIAL

COUNT DIVIDED BY THE TIME IN HOURS SINCE THE TEST STARTED.

Season+and
Year

Temperature,
F Slope Elevation

40

50

60

70

80

90

Sp73 = Spring 1973 Series
W73-74 = Winter 1973-1974 Series
S74 = Summer 1974 Series
W74-75 = Winter 1974-1975 Series

**Superscripts indicate statistical significance. See text far
explanation.

Sp73
W73 � 74

S74
W74-75

Sp73
W73-74

S74
W74-75

Sp73
W73-74

S74
W74-75

Sp73
W73-74

S74
W74-75

S73
W73-74

Sp73
W73-74

� .0057

� .0047
a

.0057
� .0067

.0101
� .0190

� .0051
a

� .0133

.0352

.0217

.0264

.0005

.0045

.0558

.0387
� .0004

.0272

.0494

.0221

.0355

2.856

2,172

2.667

2.350

2. 581
3.286

3,862

2.738

2,941

2.702

2. 506

2.130

3.384

2,134

3.281

2,273

2. 724

3,414

2.116

4.122

� 0.28

� 0.10

0.17

0.16

0. 27
� 0.27

� 0,08

� 0.40

0. 39

0.30

0.46

0.03

0.06

0.63

0.91
� 0.01

0.37

0.82

0.50

0.83
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TABLE 7. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR FECAL COLIFORM COUNTS BY SEASON FOR VARIOUS TEMPERATURES. THE
ELEVATTONS ARE GIVEN AS LOGARITHM TO THE BASE 10 OF THE BACTERIAL
COUNT AND THE SLOPES ARE THE RATIO OF THE LOGARITHM OF BACTERIAL

COUNT DIVIDED BY THE TINE IN HOURS SINCE THE TEST STARTED.

Season+and
Yea r.

Temperature,
F

** **
Slope Elevation

40

50

60

70

W73-74 = Winter 1973-1974 Series

S74 = Summer 1.974 Series

W74-75 = Winter 1974-1975 Series

Superscripts indicate statistical significance. See text for
explanation.

Correlation coefficients are also given in Tables 5, 6 and 7.
0 0

These are very low except in the 80 and 90 F temperature tests. The
0

S74 series also appears to have good correlation at 70 F for plate

count, total colitorm and fecal coliform. The W73-74 tests also tend

toward increasing correlation beginni.ng at the 70 F for total coli-0

form. Low cor rel ation coef ficients indicate the relationship between

bacterial count and time in the environmental chamber is not very

strong.

W73-74

S74

W?4-75

W73-74

S74
W74-75

W73-74

S74

W74-75

W73-74

S74

W74-75

.0129
� .0013

.0119

� .0062

� .0221

,0108

.0243

.0099

� .0058

.0276

.0684

.0093

1.186

3.975

0.087

I,072

6. 027

0.562

0.772

4.009

0.603

1.540

3.460

.998

0.43
� 0.04

0.78

� 0.20

� 0.38

0.33

0.39

0.20

-0.43

0.32

0.69

0.75
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Tables 8, 9 and 10 show the second analysis in which regression

lines are fitted to data at each temperature within each seasonal

series. The significant differences appear as superscripts as in
0

Tables 5 through 7. For the plate count data, Table 8, only the 80

and 90 F tests differ significantly from the slopes of the other tests.0

Sp73, S74 and W74-75 total coliform slopes, Table 9, show no differ-

ences while the W73-74 tests show slightly different resuI.ts. Slopes

for the fecal coliform regression. lines, Table 10, show no differences

in the S74 and W74-75 series, while the W73-74 series show some

variation between slopes for various temperatures.

Elevations for the curves in Tables 8, 9 and 10, although statis-

tically significant, show no trends as might be expected since the

elevations are measures of the predicted initial counts. Since the

clams came from various locations, this irregularity might be

expected. However, the W74-75 tests are an exception since there are

no differences in initial counts for any temperature. Klevations are

slightly different in Tables 5, 6 and 7 as compared to the same data in

Tables 8, 9 and 10, respectively, because they are compared at a

different time.

Since the first analysis, discussed above, showed essentially no

slope differences between seasons for a given temperature, data from

all four seasons were combined. The regression slopes  when the data

is plotted as a straight line on a semilogarithmic plot!, elevations

and correlation coefficients for plate count, total coliforms and

fecal coliforms are shown in Tables 11, 12 and 13, respectively. The

slopes of the regressions for plate counts are not different for any of

the four temperatures  i.e., 40, 50, 60, 70 F! shown. This is
0

equivalent to saying there is no detectable difference in bacterial
0 0

growth rate between 40 and 70 F. This is probably due to the large

variation in the data. There are significant elevation differences but

no easily rationalized pattern is apparent. The exceedingly low

correlation coefficients indicate the regression accounts for only a

small part of the variation in the data.
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TABLE 8. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR PLATE COUNTS BY TEMPERATURE FOR VARIOUS SEASONS. THE ELEVATIONS
ARE GIVEN AS LOGARITHM TO THE BASE 10 OF THE BACTERIAL COUNT AND THE
SLOPES ARE THE RATIO OF THE LOGARITHM OF BACTERIAL COUNT DIVIDED BY

THF. TIME IN HOURS SINCE THE TEST STARTED.

Season+and
Year

Temperature,
F ElevationSlope

Sp73

W73-74

S74

W74-75

Sp73 = Spring 1973 Series
W73-74 = Winter 1973-1974 Series

S74 = Summer 1974 Series

W74-75 = Winter 1974-1975 Series

Superscripts 'indicate statistical significance. See text for
explanation.

40

50

60

70

80

90

40

50

60

70

80

90

40

50

60

70

40

50

60

70

.0018

.0016

.0153

.0026

.0464

. 04-03

.0002

,0021
� .0022

,0183b
,0495'
.0604

,0045

.0048

.0126

,0114

� .0042

� .0090

.0I10

.0035

4.279

4.731

4.425

4.703

3.751

3.880

3. 651

3.757 b
3,846

3.733

3,566

3.866

4 169b
4.819

4.379

4.956

4.901

5.043

4.467

4.811

0,09

0.08

0.62

0,15

0.91

0.66

0.01

0.16
-0,11

0.48

0.84

0.97

0.22

0.10

0.39

0.81

-0.17

-0.43

0.58

0.12
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TABLE 9. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR TOTAL COLIFORM COUNTS BY TEMPERATURE FOR VARIOUS SEASONS. THE
ELEVATIONS ARE GIVEN AS THE LOGARITHM TO THE BASE 10 OF THE TOTAL
COLIFORM COUNT AND THE SLOPES ARE THE RATIO OF THE LOGARITHM OF
TOTAL COLIFORM COUNT DIVIDED BY THE TIKE IN HOURS SINCE THE TEST

STARTED.

Season+and
Year

Temperature,
F Slope Elevation

Sp73

W73-74

S74

W74-75

Sp73 = Spring 1973 Series
W73-74 = Winter 1973-1974 Series
S74 = Summer 1974 Series
W74-75 = Winter 1974-1975 Series

Superscripts indicate statistical significance. See text for
explanation.

40

50

60

70

80

90

40

50

60

70

80

90

40

50

60

70

40

50

60
70

� .0057
a

.0101

.0525

,0045

.0272

.0221

� .0047

� .0233

.0256

.0487

.0494

.0355

.0073

.0129

.0264

.0535

� .0067

� .0129

.0005
� .0004

2.856

2,581

2.351

3.384

2.724

2.116

2.172

3.040
2.474

2.094

3.414

4.122

2.587

3.101

2.506

2.284

2. 350

2.725

2.130

2.273

� 0.28

0.27

0.54

0.06

0.37

0.50

� 0.10

� 0.34

0.33

0.53

0.82

0.83

0.22

0.17

0.46

0.58

� 0.16
� 0.39

0.03
� 0.01
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TABLE 10, REGRESSION SLOPES! ELEVATIONS AND CORRELATION COEFFICIENTS
FOR FECAL COLIFORN COUNTS BY TENPERATURE FOR VARIOUS SEASONS. THE
ELEVATIONS ARE GIVEN AS THE LOGARITHN TO THE BASE 10 OF THE FECAL
COLIFORN COUNT AND THF. SLOPES ARE THE RATIO OF THE LOGARITHN OF FECAL
COLIFORN COUNT DI'VIDED BY THE TINE IN HOURS SINCE THE TEST STARTED.

Season hand Temperature,
0

Year F S l.ope Elevation

W73-74

S74

W74-75

W73-74 = Winter 1973-1974 Series
S74 = Surmiser 1974 Series

W74-75 = Winter 1974-1975 Series

Superscripts indicate statistical significance. See text for
explanation.

40

50

60
70

80

90

40

50
60

70

40

50

60

70

.0129
� .0062

.0243

.0277

.0568

.0227

,0001
� .0415

.0098

.0304

.0115

.0108

� .0058

.0093

1.186

1.068

0.772

1.535
b

1.123

0.384

3.819

6,398

4.009b
5.030

0.091

0,562

0.603

0.998

0.43

� 0.19

0.39

0.32

0.59

0.68

0.00
-0.54

0.20

0.83

0.79

0.33
-0.43

0.75
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TABLE 11. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR PLATE COUNTS 3Y TEMPERATURES USING DATA FROM FOUR SEASONS.

0
Temperature, F ElevationSlope

NA indicates data was not available for all four seasons.

The regression slopes and elevations for the combined total

coliform data from all four seasons is shown in Table 12. The slope is
o 0

the same in the tests at 40 and 50 F. The slopes for regressions on
0 othe 60 and 70 F tests are also not significantly different from each

other. The negative slope  a reduction in growth rate with time! for
0 0the 50 and 60 F tests is probably a result of variation in the data

and not to a true decline in count. The elevations for the regression
0lines indicate that only the 40 F test was different at time zero from

any of the other tests. Again, the correlation coefficients are low

for this data.

The fecal coliform data using tests from all seasons is shown in

Table 13. The slopes are not significantly different for any tempera-

ture. The low correlation coefficients indicate fecal coliform growth

is not closely related to temperature between 40 and 70 F in these
0 0

tests. However, the correlation improves with increasing temperature.

40

50

60

70

80

90

.0008

.0017

.0067

.0105%
NA~
NA

4' 139b
4.487

4.218

4,443�
NA~
NA

0.03

0.04

0.18

0.30
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TABLE 12. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR TOTAL COLIFORHS BY TEMPERATURE USING DATA FROM FOUR SEASONS.

0
Temperature, F ElevationsSlopes

NA indicates data set was not available for all four seasons.

TABLE 13. REGRESSION SLOPES, ELEVATIONS AND CORRELATION COEFFICIENTS
FOR FECA1. COLIFORMS BY TEMPERATURE USING DATA FROM FOUR SEASONS.

o
Tempera ture, F ElevationSlope

NA indicates data was not available for all four seasons,

40

50

60

70

80

90

40

50

60

70

80

90

� ,0004

� .0077b
.0215

.0271
b

NA

NA

.0055
� .0027

.0202

,0428

NA~
NA

2.488

3. 287

2.682

2.783~
NA

NA

2.818
2. 387

1.924

1.962

NA

NA

-0.01

-0. j.Z

0.30

0.36

0.07
� 0.02

0.18

0.34
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Discussion

Data from any set of tests run under the same conditions showed a

wide variation. This is typical of bacterial data in general and is

due to the fact that bacterial analysis measures the overall growth and

reproduction of biological organisms  i.e., the bacteria!, This

variation does, however, limit the information which can be extracted

from a data set.

Tables 11, 12 and 13 provide information in which as much of the

variation as possible has been removed. Analysis as presented in

Tables 8, 9 and 10 showed that harvesting season made essenti.ally no

difference in bacterial growth rate. Thus, data taken from four

different time periods was combined. This increased the sample size

and, hence, provided better parameter estimates for Tabl.es 11, 12 and

Generally, even after removing as much variation in the data as

possible by statistical methods, the relationship between bacterial

growth rate and storage time at constant temperature is either not s

strong cause-and-effect relationship or the inherent variation in the

data tends to mask the relat.ionship. The low correlation coefficients

in Tables 11, 12 and 13 are evidence of this. However, the increasing

regression correlation coefficients with increasing temperature

displayed in Tables 8 through 13 strongly suggest that the bacterial

growth rate increases with temperature, but the increase in growth rate
0 0is not readily apparent as the temperature increases from 40 to 60 or

070 F. The inability to detect dif ferences in bacterial growth rate
0 0

between 40 and 50 F results from either actual lack of difference or,

more 1ikely, is due to the difference being masked by the variation in

the data caused by uncontrollable factors. The inherent low precision

in the bacterial analysis also contributed to these problems. It also

appears that only in limited cases with the data available was it

possible to detect a difference in bacterial growth rate in clams held
0 0

at 40 F and those held at 70 F. Most of the time in this study,

although not in all cases, it was possible to statistically show a
0

difference in bacterial growth rate in clams held at 40 F versus clams
o 0

held at 80 or 90 F when tests were continued over a 60 hour period.
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Conclusions

1. When held under similar conditions for 60 hours there appears to be

no difference in bacterial growth rate  plate count, total coli-

form or fecal coliform! in soft shell clams harvested in any of the

seasons noted in these tests.

2. Generally, bacterial growth rate over a 60 hour period  plate

count, total co!iform and fecal coliform! is more closely related
0

to time afte" harvest as the storage temperature increases from 40

to 90 F.

3. An attempt was made to correlate bacterial count  plate count,

total coliform count or fecal coliform count! at harvest with

harvest location, water temperature at the harvest location and/or

water salinity at the harvest location. With the limited amount of

data available, no correlations could be established.

0
4. Holding soft shell clam shellstock at 50 F or lower is sufficient

to prevent a significant increase in plate count, total coliform

count and fecal coliform count during a 60 hour storage period.

5. An increase in the plate count, total coliform count and fecal

coliform count was observed in soft shell clam shell stock held at

060 F or higher for 60 hours. However, this increase may not be

significantly different from the increase  slope! at lower temper-

atures for plate count and for fecal coliform count.
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IV. COOLING METHODS FOR SOFT CLAM SHELLSTOCK

Introduction

Storage tests conducted with live clams indicated that growth of
0bacteria was ha1.ted at a temperature of 50 F or less  see Section III!.

Clams harvested during the warmer summer months were found to be at
0 0

temperatures above 75 F and as high as 82 F while on board harvesting

boats. During and after harvest ambient bay area temperatures above
0 0

80 F were common and were measured as high as 95 F. Current industry

practice is such that clams can be on the boat and/or truck for up to 8

hours prior to placement in refrigerated storage. The cooling of clams

at harvest was suggested as a means to eliminate this exposure to

elevated temperatures and therefore reduce the potential for bacterial

growth. Methods of cooling clams on the harvesting vessel were

therefore examined.

There are several constraints to cooling on a c1.am boat.

Availab]e space is limited and location and size of open areas will

vary with different boats. The only source of power is the internal

combustion engine. The demand on the operator's time must be minimal

and the clams, because of their fragile shells, should be cooled in the

container into which they were placed at harvest. Cooling must be

sufficiently rapid to keep pace with the harvest without freezing the

clams. Excessive weight of the cooling system will result in longer

travel times between dock and clam bottom, increasing the operating

costs, and could lead to instability of the harvesting boat.

There are many potential cooling systems which might be used on

board clam boats. Two of these, evaporative cooling and hydrocooling,

have received limited study by other investigators. Evaporative

cooling has been studied by Tatro et. al. �967! to a limited extent,

but due to the limited data taken, no definitive conclusions were

reached. Work with evaporative cooling with poultry in the Salisbury,
0Maryland area indicate air temperatures can be lowered about 10 F at

0best  Felton, 1971!. With 80 F pt.us air temperatures and a need to
0

reduce clam temperatures below 50 F to stabiLize bacterial deteriora-

tion, evaporative cooling appears to be impractical for the on-board

cooling of clams.
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Pumping bay water over the clams could also be used for tempera-

ture control, Unfortunately, summer water temperatures in the
0 0Chesapeake Bay are in the 70 to 80 F range every summer and some years

0exceed 80 F. This temperature is too high to retard bacterial growth

in the clams.

Mixing ice with clams in the harvest basket will reduce clam

temperature. However, there is a potential problem of short-changing

the buyer at the time of transfer due to displacement of clams with

ice. Because of this p~oblem, mixing ice with the clams was rejected

as impractical for cool.ing clams.

Hydrocooling is another potential cooling method. Wheaton �971!

investigated this technique for cooling clams. A spray device having
I

the appropriat u hole s ize and spacing was placed above a single bushel
0

of clams. Water at a temperature of 36 F and a flow rate of 25-30 gpm

was allowed to fall through the spray device onto and through the

clams, In this manner clams with an initial temperature of 85 F were
0,cooled to 40 F in 15 minutes. Required equipment included a refrigera�

t ion system, storage tank and pump. The continued use of recirculated

water presented the possibility of bacteria buildup. Additional.

cooling equipment would be needed with this system to maintain a 45-
o50 F temperature after initial cooling. Hydrocooling, though effec-

bushe1. basket; and a rectangular wire container, The three cooling

tive, was felt to be unacceptable for use on board the relatively as~all

boats used for dredging of clams, primarily because of size and weight

of the water. and equipment.

The research d'scribed herein utilized three types of cooling

sources, three cooling systems and four container configurations.

Ice, dry ice and mechanical refrigeration were used for cooling

sources, the particular one used varying with the experimental setup as

noted below. The three cooling systems tested were: a well insulated

one bushel unit that depended on natural convection and conduction for

heat transfer; a one bushel unit that used forced air circulation; and

a six bushel forced air unit. The container configurations tested

included a wooden bushel. basket with no side openings; a wooden bushel

basket with side openings as manufactured; a wooden bushel basket with

openings modified to a uniform 1/2 inch in width; a round tapered wire



systems are examined in the order in which they were designed and
tested.

0
All tests of the cooling units were conducted in a 90 F ambient

environment. In late summer this was accomplished by working outdoors.

Temperature uniformity was not dependable so the testing was moved to a

small boiler and steam room wherein pipe heat was supplemented with

electric resistance heat. Requirements for additional space neces-

sitated the construction of a controlled temperature chamber shown in

Fig. lb. It consisted of a frame 12 feet long, 7 feet high and 6 feet

wide covered inside and out with 4 mil clear polyethylene sheet. A
0

4 foot wide door in on end provided access. A thermostat   + 1 F

accuracy! controlled a 24 volt secondary circuit. This operated a 25

ampere relay which controlled a 1650 watt electric heater. Air

circulation was provided by a small circulating fan located below the

ceiling at the rear of the chamber. The amount of electrical resis-

tance heat needed depended on the laboratory temperature and the type

of cool.ing unit. The mechanical cooling produced sufficient heat that

ventilation was required.

The majority of the clams used in the cooling studies were

purchased from commercial watermen. Between tests the clams were kept
0

in the one bushel holding tank with artificial salt water at 8-10 /oo
0and a temperature of 61-65 F. Clams were kept for periods up to

several weeks and used repeatedly without feeding, No major change in

appearance was noticeable nor was Chere any reason to suspect a change

in the thermodynamic properties of the clams as a result of holding.

All temperature measurements were made with copper-constantan

thermocouples inserted into the clam's body through the foot opening.

This did not kill the clam but possibly caused internal injuries. The

specific location of those clams into which wires were inserted

depended on the unit under test. For the natural convective unit there

were six measuring points per horizontal diagonal. at three levels as

shown in Fig. 17. Thermocouple location for the containers tested in

the one-bushel forced air unit are presented in Fig. 18. The thermo-

couple locations for the containers tested in the six-bushel unit are

presented in Fig. 19.
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FIG. 16 Polyethylene covered controlled temperature chamber
0

used to maintain 90 F.

I � 6 ON BOTTOM

7 � I 2 IVII D � LE V EL

I3 � I8 JUST BELOW TOP SURFACE

FZG, 17 Location of the 18 temperature measuring stations
for the tests of the natural convective unit.
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THER MDCDUPLE LOCATION

FULL rLOW BOX

THERMOCOUP LE LDCAT ION

BUSHEL BASKET

~ lG. IiI ~ «- ~ i ucouple locations for the four containers
evaluated in the one-bushel cooling unit.

FIG. 19 Therrnocouple locations for the containers tested
in the six-bushel forced air unit.

AIR
FLOW

AIR

FLOW

I - 6 BOTTOM
7 - 12 MIDDLE
13 � 18 T OP

LEVEL
3

RIIR

FI.OR

I - 6 BOTTOM
7 -12 MIDDLE

13 � 18 TOP

� LEVEL
3
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Clams vere removed from the holding tank and placed in the test

baskets by hand. Any clams with cracked shells, limp siphons or other

abnormal appear'ance were discarded. As the basket was filled, thermo-

couples vere inserted into clams and these clams placed in the desired

location within the basket, The full container of clams was warmed to

as close to 80 F as possible in a tank of pre-warmed salt water,0

Fig. 20. The container was then placed in the cooling unit, the

thermocouples connected to the recorder and the recorder cycled

through all points to establish a temperature base line. Test duration

depended on the cooling method and rate of cooling. Data for the two

single bushel units was collected on a Texas Instruments 24 point strip

chart recorder. Data for the six-bushel unit was coll. ected on a

Digitec 70 point digital print-out recorder,

One-Bushel. Natural. Convection System

This was the least complicated cooling system in that it required

no moving parts. A box was constructed of an inner and outer shell of

plywood vith 2 1/4 inches of Styrofoam insulation between, The remov-

abl.e lid was of similar construction. The entire unit was coated with

epoxy resin. Two different one-bushel containers were designed to fit

into the plywood box. The first container had solid or nonperforated

sides but a per'forated bottom. The second container was constructed

entirely of expanded wire mesh to allow air. circulation through the

four sides as we11 as the bottom. A perforated tray was designed to be

supported by the container handles just above the clams to prevent

direct contact between the clams and dry ice. Fig. 21 shows the

plywood box, container  with nonperforated sides! and the dry ice tray,

Fig. 22 shows the empty box. Fig. 23 shows the bushel container in

position within the unit, while Fig. 24 shows the dry ice tray in

position on top of Che container.

Tests using dry ice as the cooling source vere conducted only with

the container having nonperforated sides. Ten pounds of dry ice were

placed on the tray at the start of the test. The test duration was 5

hours, at the end of which time an average of 3 pounds of dry ice

remained. Some frost appeared on those clams in the top layer and
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k+p!",> k;j~i-,~» .$ !y!>~>$!L!>! !%$..
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20 Method of earming container and clams to 80 F.
0

FIG, 21 Natural convection cooling system, nonperforated
container and dry ice,
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FIG, 22 Fmpty insulated plywood natural convection
cooling box.

FIG. 23 Nonperforated bushel contained in natural
convection cooling unit,



FIG. 24 Perforated tray used to keep dry ice above clams
in the natural convection cooling unit.

FIG. 25 Clams exhibiting very limp siphons after having
been cooled for 5 hours vith dry ice.



TABLE 14. RESULTS OF COOLING CLAMS IN THE NATURAL CONVECTION
UNIT WITH ICE AND DRY ICE AND TWO CONTAINER DESIGNS

Temp
at

5 hrs,
deg F

Lbs. Initial

No. Material temp,
Container tests start used deg F

-A*
BTU per
l.b-deg F

Cool ing
sourc e

A A B 3 10 7 80,8 51.9 1.2
2 27 14 80.7 56.2 1.5
3 27 14 81.2 56.5 1.5

Dry Ice
Ice

Ice

Container A, nonperforated sides  see Fig. 21!
Container B, perforated sides

BTU supplied by ice per Ib of clams per degree F of cooling

several were partly frozen, All of the clams exhibited very limp
siphons  Fig. 25!, possibly a result of the high concentration of
carbon dioxide to which they were exposed. After a test, clams that

had thermocouples inserted into them were discar ded. The remainder
were returned to the holding tank where no subsequent test related

mortalities were observed within 20 hours.

Tests with ice were conducted without the use of the tray above

the clams, The 27 pounds used per test was the maximum amount that
could be placed in and around the container. Both the perforated and
nonperforated containers were evaluated. A summary of test conditions
and results is presented in Table 14.



50

The last column af the above table, BTU per lb-deg F, is based on

a 55 pound net weight per bushel and values of 275 BTU per pound of dry

ice used and 144 BTU per pound of ice used. The lower efficiency for

ice is the result of three possible factors. Some of the ice was

around the sides of the container so could melt and drain from the box

without passing aver the clams. Drai~ water had to be replaced with an
0

equal volume of 90 F air. The sublimation af dry ice created a slight

positive pressure within the box which prohibited infiltration af

outside air through the entrance location of the thermocouple wires and

through the drain, Inclusion af the heat absorbed in raising the
o

temperature of the melt water abave 32 F would tend to increase the
0

value above 1.5 BTU/Lb- F.

Fig. 26 provides the cooling curves for the natural convection

box tests. There appeared ta be no difference in the cooling rate

between the two container designs tested with ice. Rate of cooling

with dry ice was slightly greater than for ice, The overall rate of

cooling was slow relative to the total time the clams would normally

spend on the boat and in transit. However, the use of cooling, even at

this reduced rate, wauld eliminate the chance for an increase of clam

temperature because of high ambient temperatures, and would reduce the

total time required ta cool the clams to an appropriate storage

temperature.

One-Bushel Forced Air System

The relatively slow cooling rate pravided by the natural convec-

tive system suggested a need for air circulation through the container

ta increase cooling rate. A unit containing a closed cycle circulation

system was constructed of waad and plywood. The components included a

bl.ower compartment and Dayton model 2C970 blower, an ice storage

compartment, a cooling compartment and a return air duct. The unit

that evolved after several modifications is pictured schematically in

Fig. 27. The original madel. was not insulated, had the blower drive

motor within the bax and had a rectangular ice compartment having a

full cross sectianal inflow and outflow screen  Fig. 28!. When several

tests demonstrated the workability af the system, the original unit was
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i.nsu1ated with 3/4" of Styrofoam and an additional protective layer of

1/4" plywood. The fan drive motor was moved to the outside of the box

 Fig. 29! to eliminate this heat load on the system and a hinged baffle

 Fig. 30! was suspended from the ice compartment access lid to reduce

bypassing of air above the ice, A series of tests was conducted with

the original rectangular ice compartment. Initial ice melt allowed

over-the-top bypass of air even with the baffle. Thus, the ice

compartment was modified to the shape shown in Fig. 31  also schemati-

cally in Fig. 27! for all remaining tests using ice and dry ice as the

cooling source. This modification forced the air to pass through the

ice before it got to the clams, The complete one bushel forced air

unit is shown closed in Fig. 32 and with covers removed in Fig. 33,

HINGE D BAFFLE

F1G. 27 Schematic of the one-bushel forced air cooling
unit after severa1 m<;dificat ions.
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FZC. 28 Original rectangular ice compartment of one-
bushel forced a.ir cooling unit,

FIG. 29 Method of driving blower for the one � bushel
for ced air system.



'FTC'. 30 Hinged baffel below ice compartment lid on the
one � bushel forced air unit.

7TH. 31 Modified ice compartment, one-bushel forced air
unit.
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Tests were conducted at two blower speeds. Initial tests with ice
and dry ice were at a blower speed of 493 rpm  calculated from pulley
sizes and known motor rpm!. Additional tests with ice and all tests
with the mechanical refrigeration system were conducted at a blower.
speed of 986 rpm, Blower speed is used as a relative measure of air
flow because high turbulence prohibited accurate measurement of actual

air flow in the relatively short duct.

Four container designs were used in testing the one-bushel forced
air unit. Three had a tapered body and circular top as shown in
Fig. 34. At lower right is the conventional wooden bushel basket with
side openings comprising approximately 12/ of the total side area of
the basket. This basket> referred to herein as the open wooden basket,

is presently used by the soft shell clam industry. At lower left is a
wooden bushel basket manufactured with additional slatting and no open

spaces on the side, herein referred to as the solid wooden basket. The
third basket was constructed of stiff wire and provided an open side

area of approximately 84/ of the total side area. Fig, 35  right!
shows a container constructed from plywood and wire designed to fit the

cooling chamber so that most of the cooling air was forced through the
container of clams instead of over and around the container. It is

referred to as the full flow container, and held the same volume as the

other containers.

Results of the one bushel cooling tests provided relative rates of

cooling as affected by: container design, blower speed, ice compart

ment design and cooling source.

Container D*si n

Container design had a significant effect on the rate of cooling.

Fig. 36 presents the cooling curves for each of the four containers,
The tests were conducted with the low speed blower using ice as the

cooling source in the original ice compartment. The temperatures were.

established by averaging the values from all three levels but excluding
the leading thermocouples  numbers 1, 7 and 13, Fig. 18!, in order to

get the "worst" condition.
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FTG, 34 Wire, solid wooden and open wooden bushel
containers evaluated in tbe onc-bushe] cooling
unit.

PIG. 35 Shop constructed full flow container  right!.
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Rate of cooling for the solid wooden basket was sufficiently slow
othat an average temperature of 50 F was not realised within the 3 hour

duration of the test. But compared to the natural convective unit
0

previously discussed, the solid wooden basket was 9 F cooler after 3

hours of cooling. Rate of cooling for the open wooden and wire baskets

improved in proportion to the openness of the side of the baskets. The

tapered baskets were p1aced in a rectangular cooling chamber and no

attempt was made '.;:- blocI' air pass.ing around the base of the basket.

The cooling rate for the full flow container was superior to that of

the three =apered containers and suggests that modification of the

cooling chamber to reduce bypass could improve cooling for an open

sided but tapered container. Table L5 provides a summary of the test

conditions and average values for eacI> se=. of tests.
0

The efficiency of ice utilization  Btu/Lb- F! improved in propor�

tion to the openness of the side of those containers having a tapered

configuration. Reduced efficiency resulted from use of the full fLow

container as a ; esult of the greater resistance to air flow and the

resultant increase of air leakage in and ou.t of the cooling unit caused

by the higher pressures.

Initial Time to Time to
0 0

N<>. Lbs. ice temp, 50 F, 40 F, BTU per
rests .-.tart used deg F hr. hr. lb � deg FContainer

51 36 81.4 NR

53 40 81,7 2.0

52 37 83.3 1.6

53 39 80.I. 0.6

Solid wooden

Open wooden.
Wire basket

Full flow

NR 3.4

NR 2.7

2.6 2.1

1.2 2.5

* NR � not realiseo during 3 hour test

BTU from ice used pcr lb of clams per degree F

TABLE I 5 . SUGAR" ,OF COOL LNG DATA FOR THE FOUR BUSHEL SIZE CONTALNERS

COOLED WITII ICE AT THE LOWER BLOWFR SPEED AND WITH THE UNNQDIFTED

ICE CONPART~ IENTS
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The ef feet of blows r speed on cooling rate was evaluated at the

two blower speeds previously discussed. Results with the open wooden

basket and the modified ice compartment are provided in Fig. 37, The

upturn in temperature at 2 hours for the high blower speed is the..
result of having util,ized all of the original 52 pounds of ice.

Table 16 summarizes the data.

Air vel.ocity was measured with an Alnor Thermoanemometer, the

sensing probe of which was inserted into the return air stream.

Accuracy of values is not assured due to the short length of the return

air duct and the probability of turbulence. Of importance is the ratio
of air velocities under the various conditions. The cross sectional

2area of the duct was 0.75 ft. The ice utilization efficiency was

calculated using temperatures at 2 1/2 hours and an estimated use of

38 pounds of ice for the test at the lower blower speed.

The reason for the more rapid utilization of ice at the higher'

blower speed was further investigated by conducting tests without

clams. This provided an indication of "overhead" or ice utilized to

reduce the temperature of the box and satisfy conductive and convective

heat load. Tests were started with 52 pounds of ice. Low speed

overhead was 26 pounds of ice in 3 hours. High speed overhead was 36

pounds in 2 1/2 hours.

~Ice Cpm arcment Des~in

The effect of ice compartment desIgn on the cooling rate is shown

in Fig. 38. Modification of the ice compartment resulted in more rapid

cooling of the oper wooden basket but had Little effect for the full

flow container. The reason for this difference is not known.

Coolie Medium

Dry ice was used in place of ice as a coo1ing source under forced

air conditions. The 27 pounds of dry ice were selected for the initial

loading to provide a 3TU equivalency to 52 pounds of ice as follows:
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Dry ice sublimes at � 109.3 F and requires 246 Btu/lb to do so. Theo

0 ospecific heat of CO,, gas at -94 F is 0.1870. The specific heat at 32 F

is 0.1972. If these are averaged and multiplied by the temperature
0 o

rise from -109 to 40 F an additi.onal heat capacity of 29 Btu/lb is

realized for a total dry ice heat capacity of 275 Btu/lb. The heat of

fusion of water is 144 Btu/lb. The ratio of heat capacities of dry ice

to ice is therefore 1.9 to 1 and 27 pounds of dry ice will be equivalent

to 52 pounds of ice.

Comparative tests of ice versus dry ice were conducted with the

open wooden basket in the modified ice compartment and low blower

speed. The dry ice was broken into lumps no larger than three inches,

since a previous test indicated a reduced cooling rate with a large

single block of dry ice. Table 17 summarizes the results.

TABLE 17. COMPARISON Ol COOLING RATFS USING ICE AND DRY ICE, THE LOW

SPEED BLOWER AND THE MODIFIED ICE COMPARTMENT

Time to Time to
0 050 F, 40 F, Btu's Btu per

hr hr used Ib-deg F

InitialLbs

Cooling No. Material
method tes.s start used

temp,

deg F

5760 2.45

6737 2.38
2.6
1.2

52 40 80.6 1.3

27 24.5 80,8 0.6
Ice 3

Dry ice 3

0
Btu' s used per Lb of c I ams per F t emperature reduction

smaller volume, The low sublimation temperature cooled the air to the
0 0

20 25 F range whereas ice cooled the air to a minimum of 32 F, Clam
0

temperature readings of 29 F were recorded on occasion at the leading

edge of the basket during the dry ice cooling tests. No freezing of

clams was observed but with greater dry ice quantities and Longer

A graph of the cooling rates  FIg. 39! shows that dry ice provided

more rapid cooling than did ice, Table 17 indicates that more Btu's

were expended by the dry ice but at the same efficiency as ice. At the

beginning of the test, the full ice compartment acted as a restriction

to air flow whereas the dry ice offered less restriction due to a
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exposure times it appeared likely that some freezing might occur.

During testing in the plastic structure, CO buildup was suffi-

cient to cause eye and nasal irritation with as little as two minutes

exposure. However, no ventilation of the chamber was provided and in
open air as on a boat the CO should not present any hazard, The clams

2

did not appear as stressed in the forced air unit after the three hour

test as they did after five hours of dry ice cooling in the static box.

One-Bushel Cooling System Using Mechanical Refrigeration

The use of mechanical refrigeration for on-board cooling has

several advantages over the use of ice or dry ice. It is unnecessary

to pick up ice and haul it to the harvest location. Also, no time is

l.ost replenishing the cooling medium. Cooling is constant and

unlimited. Disadvantages include high initial cost and possibly high

maintenance cost depending on the operator's skill and knowledge of

refrigeration equipment. Thus, because of the potential advantages, a

mechanical refrigeration system was tested.

A used and disassembled automotive air conditioning system was

acquired, The system was assembled by project personnel and included

several additions to the original system. A second evaporator was

added in parallel to the original one and a filter drier was installed

prior to the expansion valve. A condenser fan was also added. The 12

volt DC requirement for the compressor' clutch was met by a 12 volt

storage battery, an automotive alternator and associated circuitry. A

5 hp, 3 phase electric motor provided power for the entire system.

The compressor, Fig. 40, a York model A209, 2 cylinder, 9 cubic

inch, was designed for Refrigerant 12. The condenser fan first used

was a 3 blade design  Fig. 41!. For a fan speed of 1740 rpm a

condenser temperature differential of only 12-20 degrees was achieved,

while at 2400 rpm a temperature differential of 31 degrees was

possible, The 3-blade fan at 2400 rpm was unsafe so a used 7-blade

automotive fan was cut to size, balanced and installed  Fig. 42! in

place of the 3-blade fan. Air direction was reversed in that the 7-

blade fan. pulled air through the condenser coil, A satisfactory
0condenser temperature differential of 38 F was realized during

testing.
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FIG. 40 York compressor used with the mechanical
refrigeration system.

FIG. 41 Three blade condenser fan originally used
in the mechanical refrigeration system.
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FIG. 42 Seven blade condenser tan used to replace
the 3 blade fan.
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Initial tests of the mechanical refrigeration system were

canducted in conjunction with the one bushel forced air unit. Ice

compartment screens were removed ta provide room for the evaporator

coil just dawnst:ream from the blower. Na special effort was made to

stop air from bypassing around the side of the evaporator.

Tests were conducted with the open wooden basket and the full flow

container. Th» plast:ic temperature control chamber was used ta
a ., 0maintain a 90 F nmb;='.ent temperature. CLams were warmed to 80 F prior

to testing as pr»vI.ously outlined, Blower speed was 986 rpm.

Frost tarmation wss observed on the evaporator during operation.

The original air conditioning system thermostat was installed down-

stream fram the evaparat o7. and off to the side. A section of rubber

hose over the "apillary tube reduced the time response of the thermo-

stat and ther«by reduced cycling frequency. The thermostat was

adjustable by turning a control knob which was marked with "max, 4, 3,
2, 1" as indicators of temperature. Experience showed that some

manipulation af the thermostat was needed to maximize the cooling rate

without creating an icing condition on the evaparator ar ireezing of

the clams. With the full flaw container and a thermostat setting of 4,
0the clams were «oaled to 33 F while at a thermostat setting of 4 1/2

othey were cooled to 29 F. Tests with the open wooden basket were

conducted at a thermostat set:ting af 4 1/2 with no indication of

freezing. The restriction to air flow caused by the full flow

container aggravated the evaporator icing problem. Tests with the full

flow container were conducted at a thermostat setting of 4, and in

addition the campressar was manually shut off for 45 seconds every ten

minutes to defrost the evaporator.

The cooling rates for the open wooden basket and full flow

container in the me -hanically refrigerated system are presented in

Fig. 43. A greater rate of cooling of the open wooden basket was

achieved when compared to ice cooling at the same blower speed,

Reasons for this included a greater air flow rate at the beginning of

the test, a lower air temperature leaving the evaporator than leaving

the ice and the continuaus and consistant cooling provided by the

evaporator. Table 18 pravides the test results.
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TA8LE 18. RESVLTS OF COOLING TWO CONTAINER TYPES WITH MECHANICAL
REFRIGERATION AT THE HIGHER BLOWER SPEED

T ime to

50 F,
hr

Time t o
40'F,

hr

Air

velocity,
ft per min

Tes t

duration,
hr

No.

Container tests

0.4

0. 25

2.0

0.75
1300

500
Open wooden
Full. flow

0.8

0.4

Cooling Gradients Within Baskets

Additional information on the nature of the cooling was obtaIned

by plotting the temperature gradients through the middle level of the
basket in the direction of air flow. Thermocouples number 7 through J2

provided this information. The air stream contacted the front of the
basket at the location of thermocouple number 7. Through the center

were numbers 8, 9, 10, 11 and at the back number 12. For the ful.l flow

container numbers 11 and 12 were at the back. Figs. 44-49 present the

gradient data plotted every 1/4 hour for the first hour, then every
1/2 hour thereafter. At 1/4 and 3/4 hours the lines are dashed foi.

clarity, "Front" refers to upstream  of airflow! side of the basket in

Figs. 44--49.

Fig. 44 provides the gradient pattern for the solid wooden basket

cooled with ice. The closeness of gradient lines reflects the rela-

tively slow cooling rate exhibited. The rear of the basket cooled

faster than the front. The center was the slowest to cool. The nature

of the curves ='ndicated conduction played a roll in the cooling of this

type container. Fig. 45 shows the nature of cooling within the open

wooden basket. Convec.tive cooling of the front and center is

indicated. Cooling rate of the back did not differ much from the solid

basket. Fig. 46 is the cooling gradient plot for the wire basket,

which demonstrated a consistent gradient from front to back. Cold air

passing those clams at the front of the basket was warmed which thereby

reduced its cooling effectiveness further downstream. Fig. 47 show.',
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the gradients for the f -11 flow container cooled wi.  h ice. The flat ter
slope of the gradient 1 ines indicated more zzniform cool ing, a result of

higher air flaw rates.

Fig. 48 provides the cooling gradients for the open wooden basket
when cooled by mechanical refrigeration. The lower slope of the

gradient curves compared to those of Fig. 45 is a result of the greater
blower. speed and the continuous full flow of air. Fig. 49 provides the
cooling gradients for the full flow conta,incr cooled with mechanical
refrigeration. The nearly horizontal gradient Lines were the result of
the high air volum» passing through < he container.. This is the most

desirable cooling of any shown in Figs. 44 through 49 since it lowered

the temperature the most rapidly and the most uniformly.

Six-Hushel Forced A.',r System

The one-bushe] forced air unit previously discussed served to

evaluate container desigzz, cooling source and air flow rate as factors

in the cooling of clam shell stock� . Comrzez c ial harvest involves the

taking of a larger nuzzzber of bushe! s as rapidly as both the resource

and human ability allow, A harvest rate of six bushels per hour could

be achieved with a dense population of. !arge clams. A full seven hours

of harvest time to take 15 bushels would more likely represent the

usual harvest rate, For the purposes of. testing, a harvest rate of

4 bushel.s per hozzr was selected. Once cooled, clam temperature has to

be maintained. The holding of clams in the unit used for initial

cooling eliminates t1ze need for transfer labor as well as the need for

a second unit. Th. current !. gal harvest is 15 bushels per day. A

unit of this capacity wo~ld have been expensive to build and evaluate.

Since a six-bushel unit was the smallest sized unit which could

adequately simulate comrzzercial harvesting operations, a unit of this

size was constructed.

Fig, 50 shows the six-bzzsheL unit with the mechanical refrigera-

ti.on system installed. The unit was designed for two rows of three

bushels each. The original system incorporated a set of baffles for

air flow control and an underfloor plenum system for air return. The

same. blower was used as in the one-bushel unit, but the blower was
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FTG, 50 Six-bushel forced air clam cooling unit as
tested with the mechanical refrigeration unit.
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T'TG..51 .Tack shaft on the refrigeration unit used to
iiower the blower.
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driven from a jack shaf t on the refrigeration unit  Fig. 51! or, if ice

were the cooling source, by a 3/4 horsepower 3-Phase electric motor,

Box construction features included a 1/4 inch plywood inner panel, one

inch of styrofoam insulation and an outer 1/2 inch plywood panel

Gaskets on the lid-box inter'face reduced air leakage,

When air return; d through the underfloor plenum, loading was

either in one channel for the first three containers followed by

loading in the second channel., or loading in alternating channels as

each basket was p!.aced:in the unit. Manual air baffle manipulation was

required to divert: a~!. air into the first channel loaded. The firs .

basket placed in the second channel required readjustment of the

baffles to divide ai,r flow between the two channels. Directing air

flow through th. two parallel channels reduced air flow per channel

and, consequently, reduced the cooling rate.

Loading sequence was such that the downstream location was

utilized first. Therefore each container was exposed to a fr'esh supply

of cold air for 15 mi nutes, at which time a warm basket was placed

upstream from it. With alternate side loading this interval was 30

minutes.

Cooling res«1.ts «sing ice in the parallel chamber configuration

are presented in Fig. 52 for in-line loading and Fig. 53 for alternate

channel loading. Table 19 summarizes the data and indicates that

loading sequence made 1.ittle difference in average temperature of alf

baskets after 4 1/2 hours of cooling  i.e., 3 hours after t: he last

basket wss placed in the box!. Comparison of the cooling rates shown

in Figs. 52 and 53 also supports this conclusion throughout the cooli.ng

period.

"Overhead" heat loss, the ice used only for cooling the box and

overcoming heat. influx, was found to be 77.5 lbs of ice in 4 1/2 hours
0

when the box was operated in an ambient air temperature of 90 F.

The cooling rate of full flow containers was not tested in the

six-bushel unit using ice as the cooling source.

The mechanical refrigeration system was extensively modified for

use with the six-bushel cooling unit. The 5 hp drive motor was turned

end for end to place it in a position suitable for future replacement

with a gasoline engine. Condenser fan support brackets and the drive
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shaft were rebui1t and strengthened, A jack shaft, driven from the

condenser fan shaft, was added to supply power to the blower. A high

pressure cutout was added to the refrigeration system for safety

purposes. Refrigerant pressure gauges for the high and low ide were

installed to monitor operation. No changes were made to the two

parallel evaporators,

TABLE 19. RESULTS OF COOLING 6 BUSHELS OF CLAMS, LOADED AT 15 MINUTE
INTERVALS, KITH TWO SEQUENCES OF LOADING

Average
temp at

4 1/2 hr, deg F

Average
initial

temp, deg F
Btu per
lb deg F

Loading No, Ice used,
sequence tests Ib

46.0

48.9

In-line 2

Alternate 2

175. 5

162.8

2.0

2.2

Btu of ice used per Ib of clams per deg F

baskets. Uniformi.ty of slat spacing was achieved by recutting all

grooves to 1/2 inch wide with the basket dry. Swelling of the slats

when wet reduced the spacing to approximately 3/8 inch.

Several preliminary tests were conducted with the cooling

chambers in parallel, i.e., air return via the underfloor plenum. The

problems of baffle position adjustment persisted with test personnel

either forgetting to move one at the correct time or guessing at an

incorrect setting, the tesult of which was unequal channel cooling.

The unit was modified by blocking off the underfloor plenum, removing a

section of the cen er baffle at the end opposite the blower and opening

an inlet hole into the blower compartment adjacent to the blower. Air

then flowed in a horizontal U-pattern. The first basket to be loaded

was placed next to the blower inlet while the last to be loaded was

placed just after the evaporator.

It was observed that baskets cooled unevenly, Some of this was

attributed to varied widths between the slats of the individual



The presen! e of i ce on the evaporai or coi1., when not corrected,

reduced air v<>lu!><-. and the cool.ing rate. Several soluti ons to thi s

problem were I nves t ,''.gated. One was to shut of f the compressor for

s»vera1 -= ,i t!utes <!nt i1 the i ce melt ed. The amount of tim- n<!d«l

depended on the s»ver I ty of i cing and the overall. temperatu. wi I hin

the uni t. Fo ! give !;!!!aunt of ice, the defrost time was leng! I!»n!!-:

the fur I he; '=et.; I h» t»! t the icin! occurred. At tempts w< re mad» t.u

de 4< et «vap  ~ !!! '!!!.' !c! !'!g e1 act r<>n'. '-i~ ' lv by !i!E ans c! f a l tgh L beam ! .= !ot<!

c el l, appr opr i;-;?. c I: 1m<' d» I.ays and a swi t!'.hi ng c ircui t to con Lro1

c!:!!!p!."<.:sso:: c.':!,!!.<;I!, I'robI.cm. occurre<I du<- to the thermal sensiLiv !.y oI'

the l i ght dere» ting! trans! .:ter. The cIes I gner nf. the circuitry fel. L

that a working frees«-uI: dot< cto! cou? t1 h» deva',i oped, but time did not

pel m!l I: co!!!!.! ]. e I.'': !," v, ! oI!!!!<>n L,

Another,;!;et!';>s ! o »1 imi na Le»vapor a Lo: ! "=ee;;.e-up was through the

us» of a hot gas byp s=' va1ve insta11ed in thn refrigeration system

jusI:: after the con!press<>! . The valve sensed ev, porator pressure whi.ch

is directly prop!! L'io"-!a1, ~:o <'vaporator tern!p! > itu! P.. When the I!ressure

dropped l>elow a c< rtai'! preset point, the va1;e opened to al 1ow a sma11

amount of hot !"efrigerant gas to bypass the condenser and ! xpa<>s I.on

vaI ve in order to r! i se Lhe »vapo ator pr «ssure, Wh< n p!!>p Iy 2

the vaIve served Lo maint.ain the LemperaLur" ot the evaporator jus<

8?!  ' e ! I-'e po ' i!!. w?>c=. e > ca fo!!gaL]on. occu! r!><!

The per==or!>!an<.: ot. the me<!h,!ni,<!a1 ref rig»!-ati.on, yet<..,-!! with

r aspect. to c<>o ing,' -.x oushe1 s of c I ams loaded singly at 15 mi!! ut»

intervals is pr:, ':e;" t ",d, F I g. 54 provides thc coo1 ing curves; o!' the

modified wood«!', basket and a blower sp»cd of 900 rpm. Fig. 55 shows

the resul ts of cool «ng the ful l flow conLainer at a blower .",;!»e<I of

900 rp!!!, F! g, N s<'! <!ws LI'!e Ic su l t s 0 f cool > ng Lhc mod > f >»<I wo<!den

basket at a bIow»r spe!<! <>f 1100 rpm; Fig. 57 shows the co<>! t!g -, at<.

for the full f1ow container at 1..100 rpm; and Figs. 58 and 59 s!,ow the

cooling rate for both container types at 1300 rpm, Table 20 su!;.'!!arizes

the data.

The va1.ue of .>T ;n Table 20 is the difference between the average

of the tempera t <!res of the s ix conta it! er s as they vere p1aced in Lhe

cooler and the average of all containers at 2 hours from the sLat t <>f

the tes t..
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TABLE 20. SUMMARY OF SIX-BUSHEL MECHANICAL REFRIGERATION DATA

hT at

2 hrs,
deg F

Blower

speed,
rpm

Temperature
at 4 hrs,

deg F
Figure

reference
No.

tests
*

Container

54

55

56

57

58

59

37.8

3' 3**
39,6**
36.4

37.1 � hrs!
36.3 � hrs!

31.5

35.6

33.2

38.9

38.8

40.2

900

900

1100

1100

1300

1300

MWB

FFC

MWB

FFC

MWB

FFC

MWB � Modified wooden basket

FFC � Full flow container

One of the two tests was conducted with the hot gas bypass
installed.

valve

Figs. 54 59 and Table 20 point out that the cooling rat e is
greater for the full flow container than for the modified basket.
Also, cooling rat--:. increases as air. flow rate, as indicated by a higher
blower speed, increases. The amount of cooling effected prior to the

addition of another basket was greater at. the higher blowe; speeds.

The rate of coo]ing during the first 15 minute period is greatly

reduced upon. addition of a warm container upstream from it. Thus, it

is important that system capacity and air flow rate be designed to cool

each container to the desired temperature prior to the addition of the

next harvested container, Since the same refrigeration capacity was

avail. able in all tests, these tests demonstrate that providing suffi-

cient refrigeration capacity in terms of compressor size to cool the

clams is not suf icient for efficient or even adequate cooling,

Sufficient. air, flow must also be provided to cool. the clams. Because

of these problems, refrigeration equipment for on-board, or any appli-

cation, should not be "jury rigged" but must be designed by a competent

refrigeration specialist..
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The refrigeration system capacity was estimated based on measure-
ments of blower speed, static blower pressure and the difference in air
temperatures across the evaporator. From the above values of pressure
and rpm and the performance tables for the blower, an air flow vo1nme
was calculated. The only measurements needed to use the blow.=r tables
were static pressure and blower rpm. The latter is easily and
accurately determined. A 25K error in measuring the pressure would
resul.t in a 9/ error in calculated blower capacity  this figured at

900 rpm and 0,2 in. water!. Refrigeration capacity was calculated
using an. air. density of 0.081 ibm per cu. ft. and a specific heat of

0 oair of 0.24 Btu per ibm- F  at 32 F!. Table 21 provides a summary of

the calculated values.

TABLE 21. ESTIMATE OF HEAT CAPACITY OF REFRIGERATION SYSTEM

StaticBlower

speed,
rpm

Air Vol, h T, Capacity,
cfm F deg Btu/hr

Test

No.

pressure,
in. H 0Container

764 20.6 18,360
926 6.9 7,450

1150 10.6 14,220

6B-22 FFC

6B-26 .%B

6B-29 FFC

.2

.3

,37

900

1IOO

1300

FFC � ' Full flow container

MWB = Modified wooden basket

The temperature drop across the evaporator, Q T, was the average of
the three highest instantaneous differences as measured at the

15 minute recorder cycling intervals. Tests 6B-26 and 6B-29 wer~

conducted with the hot gas bypass valve installed, and it is apparent

that system capacity is reduced due to the short circuiting of refrig-
erant. In addition, it was determined that the average air temperature

0 0,reaching the first container was 34.6 F without the valve and 40.7 F
with the valve. Insufficient tests were conducted with the bypass

valve installed to fully measure its effect on system capacity and

cooling ability.
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The six-bushel cooling unit was made portable through the direct

replacement of the electric motor with a gasoline engine  Fig. 60!. A
centrifugal clutch was attached to the engine crank shaft to remove the

load at starting. The motor had sufficient power to run the ur.it, even

at partial throttle. Vibration of the entire unit was seve.e, The

engine was attached through rubber mounting blocks, but this did not
provide sufficient vibration damping. Fear of refrigeration tubing
failure  a safety hazard! due to the vibration dictated that the unit

not be tested. Time did not permit remounting of the engine.

Conclusions

Soft shell clams can be rapidly and effectively cooled in the

container. into whi"h they were placed at harvest. The rate of cooling

was found to be directly proportional to the amount of cooling air

forced through the container. In turn, the amount of air passing

through the container depended, in order of importance, on the openness

of the container side, the air flow rate applied and the shape of the

container as it affected air bypass around the container. With no

forced air flow as in a natural convection unit, container design had

no effect on the cooling rate, but cooling was slow.

The source of cooling also affected cooling rate in the several

units tested, Dry ice caused more rapid cooling than ice in the

natural convection unit and in the one � bushel forced air unit.

Mechanical refrigeration provided more rapid cooling than ice in the

two forced air units due to its increased cooling potential and lower

restriction of air flow. Using dry ice presents some risk of freezing

the clams due to the low temperature of dry ice.

Cooling without forced air resulted in an estimated cooKing time
0 0 0

from 80 F to 50 F of 7 to 8 hours and to 40 F of 10 to 12 hours. With
0forced air and ice, cooling to 50 F was accomplished in 4.4 hours with

a closed side wooden basket, in 2.0 hours with a l2X open side basket

and in 0.6 hours for the full flow container. A single full flow
0container of clams was coo1.ed to 50 F in 0.25 hour using mechanical

reirigeration. In. a six-bushel unit with mechanical refrigeration,
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FIG. 60 Gasoline engine installed on the mechanical
refrigeration system making it portable.
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clams placed into the unit at 15 minute intervals were cooled an
average of 30 F degrees within 15 minutes of the time of loading.

Of the cooling methods tested, the system using natural air
convection and ice or dry ice appeared to be least useful to the

industry due to its slow cooling rate. The use of dry ice as a cooling
source was felt to be impractical due to its general unavailability,

high cost and specific handling requirements. The use of ice for on-
board cooling would be a workable method for the waterman who can

manufacture his own or otherwise readily obtain it.

A refrigeration system could be installed on some but not all clam

boats. Three sources of power are suitabl.e for supplying the power to

run a refrigeration system on a clam boat: the boat's push motor, the

pump motor or an auxilliary internal combustion engine. Drawbacks
exist for all three. The push motor is operated at a normal speed

during travel to and from the harvest area but at slow speed during
dredging, The pump motor operates only during the dredging operation.
A third internal combustion engine adds to initiaI costs, operational

costs and noise during operation. Transfer of power from the power

source to the compressor can be mechanical  i.e., a V-belt drive!,
hydraulic or electrical  by use of a generator-motor combination!. The
main advantage of electrical power transmission is in the use of the

hermetically sealed compressor  compressor and motor are sealed within

the refrigeration system!. Items of expense would include boat

modification, the cooling box, a refrigeration system and a source of

power. The maintenance required by the refrigeration and cooling
system would be a significant addition to that already required by the

boat and harvest equipment.
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V ~ ON � BOARD COOLING OF SOFT CLAM SHELLSTOCK

The studies of the growth rate of bacteria in clam shellstock

determined that a correlation existed between temperature, time and
0

bacteria numbers. A storage temperature of 70 F or above allowed a
0

greater rate of bacterial growth than did a temperature of 50 F or
0lower, Clam temperatures of 80 F have been observed as they were taken

from the water. It is the industry pr'actice to temporari1y store

harvested baske..s on the boat deck andjor truck until refrigerated.
oClam temper atu-.es of 85 F in the center of the basket have beer.

observed during this period, These naturally occurring temperatures

are well withi.n the range previously found to contribute to rapid

bacterial growth irr the clams. It was, therefore, suggested that

cooling immediately upon harvest might improve bacterial quality of

the clams when compared to clams allowed to remain warm for longer

periods of time after harvest. Thus, two studies were undertaken to

est:ablish the effect of immediate cooling on clam quality: a limited

study in 1974 and a more extensive study in 1975.

The 1974 Test:s

Pr pce.dur e

The 1974 study was designed t.o answer the foi lowing two questions:

1. What is the effect of immediate cooling of clams af ter harvest on

the bacteria level at one hour af ter harvest? This was prompted by a

finding that the bacteria level of highly contaminated clams rapidly

increased within the first I/2 hour af ter harvest  personal communica-

tion with Mr. William King, Maryland Department of Health & Mental

Hygiene!. And question 2; Because of this possibility of rapid.

bacteria growth, must the bacterial analysis procedure be initiated on

the boat through the use of a portable lab, or will the results be

similar if live clam samples are iced and transported to a laboratory

for analysis as is the current standard procedure.
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Five harvesting trips on the clam dredge Tiny Lou were made for

thi= study. The n-"cnssary equipment included the one � bushel forced air,

cooling unit described in section IV, a 1500 watt engine driven gener-

ator to operate the blower motor, two conventional wooden bushel

baskets and a shop constructed full flow container. Sufficient

laboratory equipment was taken on board to initiate bacteria analysis,

some of which is shown in Fig. 61. Correct incubation temperaCure was

achieved through the construction of the portable incubator shown in

Fig. 62. It consisted of an insulated plywood box heated by three

40 watt light bulbs and a small circulating fan. Temperature was

thermostatically controlled. Power for the blenders and incubator was

furnished by a small iIOV generator already on the boat,

The first trip out served to check out equipment and techniques.

Data was colIected on the four succeeding trips. Clams were first

harvested into the wooden basket and placed on the deck as the control.

An empty basket was inverted over the full basket as per current

industry requirements. The full Flow container was filled with clams

as harvested and placed in the cooling unit where it was cooled with

ice as the cooling source, The temperature of the cI.ams was reduced to
0 0

the 40 -45 F range in approximately 35 minutes.

Sampling was done just as filling of the container was completed

and again one hour later. The time intervaI between the filling of the

first and second containers provided a one-half hour interval for

sample analysis, during which time two samples could be processed.

From each container at each sample time, four samples of 8-I2 clams

each were taken. Two of the samples, in polyethylene bags, were placed

in ice for subsequent Iahora.tory analysis. The remaining two were

shucked, blended, diluted into appropriate media and placed in the

incubator.

Results of 1974 Tests

Results at the two analysis locations  boat vs. lab! were first

tabulated, Table 22. A differen.t number of paired samples resulted

from a breakdown of the analysis procedure fox one or both individuals

of several of the sample pairs, Five total coliform va] ues   three from
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FTC,'. 61 On-board bacterial analysis equipment,

FIC. 62 Portable incubator for on-board

bacterial analysis.
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boat, two from lab! were above 160,000 per 100 g and were eliminated
due to suspected sample contamination.

TABLE 22, COMPARISON OF BACTERIAL ANALYSIS RESULTS WHEN CLAMS WERE
PROCESSED ON THE BOAT VS. ICED AND LATER PROCESSED IN THE LABORATORY

�974!.

Fecal ColiformTotal Coliform

 ~1»Plate Coun

Lab LabBoatBoatBoat

133,000
93,000

125,500
1505000
174,500

89,000

151,500
148,000
207,000

56,000
93,500

157,500

5,485 396247

Using a paired sample technique the standard error of estimate of

the difference was calculated using the logarithm to the base 10 of the

plate count, total coliform and fecal coliform data shown in Table 22.
The standard error of estimate for the difference in plate count

between boat and lab analysis was .043, 1.30 for the total coliform

differences and -0.69 for the difference in fecal coliform. None of

these values are significantly different at the 5 percent level. Thus,

based on the limited tests run there was no difference between starting

the laboratory procedure immediately on board the boat or icing the

samples and analyzing them after returning to the laboratory. Since
icing the samples was much easier and convenient and is the procedure

recommended by standard methods, the icing technique was employed for

later tests.

7,050
3,000
3,150

17,500
11,000

360

3,300
2,920
1,400
3,000

11,000

Average 135,600 127,500 5,790

1, 300
1,700
1,700
4,420
2,950

870

13,350
3,550

660

340

29,500

665

10

20

10

1,490
680

0
0

0

0

0

85

250

2,100
1,700

480

70

50

0

0

0

0

105

0
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The data shown in Table 23 was developed to determine the bacteri-

al growth rate during the first one hour after harvest in clams
receiving immediate refri.geration versus clatrrs receiving conventiona]
treatment. Table 23 shows the plate count, total coliform cou~t and

fecal coliform count found in soft clams at harvest and when sampled

one hour after harvest. The samples designated "cool" were refriger-

ated on board imrrrediately upon harvest while the samples labeled "warm"
were left on the boat deck as is conventionally done in the industry.

TABLE 23. BACTERIAL COUNT TN SOFT-SHELL CLAMS AT HARVEST AND AT
ONE HOUR Al'TER HARVEST USING CONVENTIONAL PRACTICES AND USING

IMMEDIATE ON-BOARD COOI.ING  ALL VALUES ARE PER GRAM OF SAMPLE!

Fecal ColiformTotal ColiformPlate Count

Cool Warm Harvest Cool Warm Harvest Cool WarmHarvest

83,000
85,000
19,000
14,600

The data in Table Z3 was used to determine if there was a rapid

bacterial growth in samples within the first one hour after storage,

The data was analyzed by first taking the l.ogarithms of all values in

Table 23. Then for each set  i.e., plate count, total coliform and

fecal coliform data! the differences in the logarithms of paired

123,000
180,000
149,000
117,000

33,000
80,000
88,000

212,000
10,000
13,000
16,000
18,000

5,400

123,000
173,000
82,000

104,000
84,000

103,,000
110,000
239,000

3>800

104,000
13,000
12,300

114,000
300,000
130,000
12],000
127,000
]88,000
118,000

60,000

92

49

21

4.9

24

39

17

17

4

3.2

2.4

15

14

2.1

11

26 32 9.3
13 28 4 0

2400 17 4.5

1600 17 0.4
130 0

220 110 0,2

9.3 35 5.5

79 24 4,0

17 49

49 9.3

47 49

220 22

49 110

3,4 240

3.4 350

0 0.2

0.2 0.2

24 17

18 ]7

27 6.8

2.7 6,8

0.7 0.4

0.7 0.6



samples were calculated. Differences cal.culated were the "cool"
samples minus the as harvested va'ues, "warm" samples minus the as
harvested va1u» s «nd the "warm" values minus the "cool" values.

Standard exxor of estimate was calculated for each difference and its

statistical significance calculated by means of a t test.

Table 24 shows the mean of the differences, the standard devia-

tion of the dif waxen».es, the number of pa' r= d samples and the standard

error of estimate for each d»FFerence ca'cu1ated. The plate count data

show that the nonxefrigerated, "warm," samples had a statistically
detectable»ncrease»n bacterial numbers af tex one hour. A change in

bacterial population in the cool ed samples was not detectable vi thin
the one hour test period. Plate count data a! so show there were no

statist ica! ly signi f leant d if ferences in the di f ference in bacteria
numbers between "ceo!." and "warm" samp1es af ter one hour. Thus, for

plate count there was a detect able hact.erial growth in only the
nonrefrigerated baskets in one hour, but at the end of one hour there

was no detectable difference between the "warm" and "cool" samples.

This apparent cont.;adiction can b» explained if the "cool" samples

experienced some bacterial growth during the first hour, but the

diffplencp between Bt harvest and !!ne ht,uz !ate» was insufficient to be

statistically detectab!e. However, this growth was sufficient to

eliminate a stati. ties!! y significant difference between the "cool"

and "warm" samp',as aFte»- one houx .

Total col.i form data, Table 24, indicates there was a statisti-

cally significant increase in total coliForm populations in both the

"cool" and "warm" samples during the one hour. test period. Since there

was no detectable diffex'ence between "warm" and "cool" samples after

one hour, total col:i,form growth under the two treatments appeared to be

nearly the same. during t!»e test period,

Fecal coli fo»n:: gxowt!» was insufficient during the one hour test

period to be detected. Thus, fecal coliform gxowth rate cannot be

detexmined in. a one hour. period for the clams used and the limited

number of samples ava'Lable. It should be noted, that there wexe no

fecal coliforms detected in many of the samples tested at any time.

Thus, since these sx»mp!.es gave no i.nformation on fecal coliform growth,



99

it resulted in a smaller number of samples available for fecal. col.iform

comparisons,

TABLE 24. ANALYSIS OF DIFFERENCES IN BACTERIAL COUNT FOR SOFT CLAMS

AT HARVEST AND ONE HOUR LATER  BASED ON LOGARITHM TO THE BASE 10
OF THE ACTUAL COUNTS!

Standard

Number of Mean deviation Sampl.e
Difference paired samples difference of difference T value

Plate Count

Total Coliform

Fecal Col.iform

0.30

-0.11

� 1.45

Significantly d.'fferent from zero at the 5.0 percent level..

The 1975 Tests

Procedure

The lack of short term effects of immediate cooling did not rule

out a possible effect. over a longer period of time. The 1975 on � board

cooling studies were designed to compare the current industry handling

practices against the use of immediate cooling after harvest when

compared over a 48 to 50 hour period. Industry methods were the

control and included the placement of full baskets on the boat deck

Cool.-Harvest

Warm-Harvest

Warm-Cool

Cool-Harvest

Warm-Harvest

Warm-Cool

Cool-Harvest

Warm-Harvest

Warm-Cool

12

A2

11

15

14

14

8 8
8

.08

.22

.045

.66

.58

.08

.13
� .05

� .18

.33

.38

.24

.92

.71

1.19

1.22

1.34

0.35

0.84~
2,01

0.62

2.78

3.06

0.24
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with an .»»vc:.x!ed basket over the top of each pr�viding the only

envirunmenia!. contr<7I . Upon dock i»»g, the -,u .1. baskets wPLP 'Lxans-

Tn thP. » nd»»H .. ry the t ».me Xn L» 7 va!ported by. Lru;k t�,.~ walk- ix» cooler.

containers were cool ec! immediately upon f i. l . in= on the harvest boa;
0maintained ai. 40 F unti,l placed in a reft gerated storage box, Two

different re fr i geratec! b,xes were used, 7«7i Lh ox e treatment and one

The first was a boxrowed reshipper'scon trol basks t go i.ng to each.

cooler adjs .en L-:' o the. boa dock. This cons i sted of a rec. aims!

refrigerated L uc!E boc! y of su f f i.,:i ant s ize to a! 1 ow baskets to be

five wide, five high an ! ei ghL. E!eep f runt tO baCk.p I i» c E» d H owcs v e x'

test baskets «c re el aced near the door Lo provide a cessibility for

sampling and to a", o id mi xiip wi th commercial clams, The second refri.�

gerationn system was a house1»old refrigeratox. in the Agricultural

Engl nPer i»lg DPpar LIDent in C�l .ege Pa» k Thi s was»aoclif iPd s1 ighL:ly LO

use a more acc»:cate thex'mos tax . Thermoco»iple w ix': s were pl aced i n

threp clams near the cex»ter of the control basket to monitor tea»pera-

ture pull down ra LP. The full flow contai ner was moni tored for.

temperature stabi1.ity as wa. t're refrige'.atcir air temperature.

A flow chaxt for the four contaix»ers is provic!ed in Fig, 64.

Containers werP. hax'Veated in numex'iCal Oxder aS faat aa reso.»rCP

availability woulii permit. This was as l it tie as 20 minutes, but more

often 60 minutes or mor» per bushel, Conta;incr »»umber 1  contr.ol! and

from haxves L to coo< et may he as long as 9 hours for. f irst harves Lcd

baskets but will be less than six h»»rs For the average basket

ha,xvPstec!.

A boa t and c 1 ax»» dx edge "Tan>my l y nn", T" g. 6 ~«, operating out of

Shadyside7 Y»arylan !, was providec! on a con r act basis for this study.

Testing was start 'd in ~!ay' Lv cox'» esp�nc!: o Lhe onsPL of warmex weather

an� water and con L i nued on a w .okly bus i s up Lo mi d-September. A

maximum of one test per week was possibl e ince sampling and ana1ys is

7 P.c[i»i». Pd S xx dayS,

The tests were oi ganised ta i » inde a cont» ol. and treat»neat i n

each of twc. groups, Tlie control c l.ams were h'rves Lec! in new conven-

tional wooden. bus!»el bas! ets, covered with an inver ted basket

placec! on the boat c!ec!E at ambien P tempera Lure. The treated clams we»»

ha»vested rnto sh<.:p E"c»nstrucrec! ful!. flow contaix;Prs The full flow



!

4 0

0

CD

101

U!
0
'a

4J
VJ

b0

4 0 0
cd

0 I
0



102 2 samples each container
as filled   B samples!

convent>anal woo

bushel baske

wire container

~Portable cooling unit
used on boat and truck

2 samples from each container
before placement of container
in refrigerated storage

 8 samples!

hadyside Refrigerator,
college Park

Additional sampling: 2 per container each of 2 days
following test day.  l6 samples!

FIG. 64. Flow chart and sampLe schedule for the 1975 on-board cool inI;
studies,
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refrigeration. Ambient and basket temperatures were monitored during

this period and the containers in the cooling unit were maintained as
0close to 40 F as possible. At approximately 2:30 PN containers 1 and 2

number 2  treatment! went to the reshipper's cooler, Containers

number 3  control! and number 4  treatment! went to the College Park

refrigerator. During transport the treatment containers were kept in
the cooling unit and the unit run as necessary to maintain temperatrrre.
The 1500 watt portable generator powered the cooling unit blower motor

during transport by either boat or truck. The one-bushel cooling unit
previously descr'ibed was used. The ice cornpartrnent was shortened
slightly to allow room for two of the wire full flow containers. The
corr~ainers in !urn revere built to hold slightly less than one bushel so

that both would fit into the cooling channel.

The number of clam samples taken during each week's study was

limited by the capacity of the laboratory to 32. Two samples were

taken from each container at four separate sample times. Samples werc

taken as soon as the container was filled, just prior to placing it in

the storage refrigerator, at approximately 25 hours after harvest and

at approximatel.y 49 hours after harvest.

The test procedure was as follows. On Friday afternoon four

12 gallon ice chests were filled with ice and placed in a walk-in
freezer  ice was not available early Monday morning!. The pickup truck

was also loaded, Fig. 65, and an additional car acquired. The loading

of the cooling unit and generator by one man was made possible by a

ho r s " <'<>Era tr uc ted f <.r rrhis purp s e F ig, 66. On Monday morning the i <;e

was rer ri-: v< d, load i ng completed and both truck and car. driven to

docks i de by f i ra t l ight. Travel time from dock to the harvest si te

var ied f rom 30 mi.nut es to 1 1/4 hours. At the complet ion of f i 1 l i ng of

the four containers the boat returned to the dock to unload. The hoist

was necessary during unloading as the cooling unit was kept closed

during handl ing with two containers of clams and ice inside. As of

docking, the sigh!. harvest samples had been taken and iced. The

technician drivirrg the car returned to College Park with these sanrples

and helped a se"ond technician with the initial processing. The pickup

truck with one individual remained at the dock to establish the

appropriate interval between harvesting and placement into permanent
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FIG. 65 Pickup truck and equipment used for the 1975
on-board tests. Three additional ice chests

are not shown.
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were sampled, t!ien pla.- ed in the reshi pper 's cooler . The samples were

iced, The truck returned to the College Pack Laboratory where samples

were taken of containers 3 and 4. The second technician then began

processing the eiehx prerefrigeration sample!. Containers 3 and 4

were then placed in the refrigerator, On the following and next

succeeding morning a technician took two samples from each of the two

containers in the reshipper's cooler, two samples from each of the

containers in the Co11ege Park refrigerator and submitted these

8 samp1es to the !aboratory for analysis, A total of 32 samples were

thus generated,

Results of 1975 Tests

While on the hoat, measurements were made of the salinity and

water temperature of the harvest area, These values along with the

anti!og of the geomet.ric mean of the initial bacterial levels are

presented in Fig. 67. The salinity showed a marked increase throughout

the summer, whi! .. water temperature i.ncreased to a maximum measured
0

value of 83 F in early August, then decreased. No vertical water

temperatuxe variation was observed at any sampling point. Tab'e 25

gives the data from which Figure 67 was plot ted as well as harvest

location.

Several attempts were made to corre1ate harvest location with

bacterial count at. harvest, LJnfortuna> ely, the data are too limited to

define. any ;rends =.'n bacterial count with harvest: !ocation.

Appendix 8 contains a tabu1.ation of the bacterial data from the

1975 an-board coo'ing studies. Samples take~ at harvest were consider-

ed to be the sero hour for each ccntainer, The interval to the next

three sample times was referred to the zero hour for the container

being sampled. The average time for all the data to the second, third

and fourth sample ti.mes was 6.3, 25.4 and 49.3, hours, respectively.

An nalys s of variance was done on the 1975 on-board cooling data

as the first step in analysi.s. Table ?6 shows the analysis of variance

 AOV! table for p1ate count while Tab!e 27 shows the AOV table. for

total coli.forms and Table 28 the AOV for the fec.a1 coliforms,
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Table 26 shows that only run  i.e., test!; temperature  i,e.,
refrigerated or not refrigerated! and time since harvest are signifi-
cant variables. The significance of runs was expected since each test

came from a different Location. However, the significance of runs is

difficult to define in meaning. Obviously, location is involved, but

other variables such as bottom type, salinity, etc, may also be

compounded in this value.

TABLE 26. ANALYSIS OF VARIANCE OF PI.ATE COUNT DATA FOR THE 1975
ON-BOARD COOLINC STUDIES

MSDFSource SS

20.83 *

8.97

0.10

0.53

3.499
1 . 507

.017

.089

.168

45.483 13

1.507 1

.017 1

.089 1

6.550 39

Runs

Temp  F!
Cooling method  C!
FXC

Error 1

Time  T!
TXF

TXC

TXFXC

Error 2

4. 345 30. 39 *

0.015 0. 10

0.220 1.54

0 ' 118 0.82

0.143

3.036 3

0,044 3

0.659 3

0.353 3

51.539 361

* Indicates sign-'.ficant values at the 5 percent level.

Table 26 also shows cooLing method  i.e., whether cold storage

was provided by the commercial cooler or by the refrigerator in

College Park! was not significant. Thus, both cooling systems provid-

ed equal control of bacterial growth as measured by plate count.

Tables 27 and 28 show the same is true for total coliform and fecal

coliform growth. Thus, the refrigerated and control samples placed in

the commercial cooler and the paired samples placed in the laboratory

cooler  refrigerator! can be averaged together, since there is no

treatment difference contributed by the two cooling methods. Thus, the

four treatments are reduced to two treatments: an on-board cooled and

a control. Thus, the geometric mean for the on board refrigerated and

control samples was calculated for each sample time. The antilog of
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these values is plotte<1 in Fig. 68 for the plate count data. Figs. 69
and 70 are s imil sr plots fox to al coliform and fecal. coliform data,

respectively.

Table 26 indi< ates refx igerating the clams on-board the boat is
significant. Fig. 68 shows that the ref.ig rated clams had a lower
bacterial count than the contxol from harvest to the end of the 49 hour

storage period. However, since there 's no significant interaction
hetween time and temperature the li" es .ix< Fig. 68 descxibing the

geometric averages fo;. the control and refrigerated samples are
parallel from a sta isI ical viewpoint. Six>ce the refrigerated samples
starte<I at a s."'.gnificantly l.ower average va1.ue and the lines are

"-.araII el, ther.=. is some <luest,'.on whether the si.gnifi.cant diff-.rence
ob. ex ve<I due to re frig». r,. t on occux red because the in i t ial average

 geometri<:'; of the refrigerated sa»apI.es was 1ess than that of the
cont< oI s ur the e f fee t. i s real . Sin< e the slopes of the lines in

Fig. 68 are the same  i .e,, the bac erial gxowth rate for the refriger-
ated and con<xo1 samples is th.' same! fux ther doubt is cast on the veal

mean <ng of tne s'.gnxf xcant <;sf fet ence obsexved,
Time «fter harvest was al o a significant variable for p1ate

< ou»t. This mi ght he exoec ted as the ba.,teria grow with time. All
samples, i ncIudiYlg the controls, were refr gerated af ter approximately
six hours ont of th< water. Thus, after six hours the bacteria' growth

rate of the refrigerated and ontrol samples might be expected to be

simi1 ar. 'dowever, because of the temperature di f ference expex ience<I

by the ref r i gerated and cont ro', samples during the f irst s ix houx s
after harvest some va..-iation between these two treatments is expected

dux Ing the first six hours, However, the expex imental data indicates
no detectab1e dif fex'ence between bacterial growth r ate, as measured by

plate count, of refrigerated and control samples during the first six
hour period.

Table 27 shows the AOV table for the total coliform data. Hexe

only run and refrige ated versus contro., are significantly different.
The difference in runs is probab1y attributab1e to the same variables

as for runs in the plate count data which was discussed above. The

effect of immediate refrigeration is shown in the significance

temperature. Fig. 69 shows that the. samples refrigerated on board had
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a lower total col'.foi m count 'han the controls. Statistically the two

lines in F=:g. 69 are parallel, but they are dif erent from each other.

Thus, the immediate -efrigerati on did recuce total coliform counts in

these tests.

TAB~..F, 27, ANALYSIS OF VARIANCE OF TOTAl. COl.IFORM MTA FROM ON-BOARD
COOL ING ST CDI H 8

SS MSSource DF

94,681

4.007

0.131

2. 640

35,516

16 1 1
1

48

5. 918

4.007

O.I31

2,640

0.740

8.00 *

5.42 *

.18

3.57

Run

Temp  F!
Coo=.ing method  C!
FXC

Error 1

Time  T!

TXF

TXC

TXFXC

Error. 2

0.06

1.52

1,73

0.54

3 3 3
3

458

0.032

0.860

0.980

0,306

0.566

0.096

2. 58,!.

2.940

0,919

259.428

Total 537

Indicates significant values at the 5 percent l. vel.

It is also inreres~ing to note that time and cooling method are

not a. significs. ~ t variabie fo1. total colizo m. Thus, the laboratory
and commercial refri.gers hors gave the same resul.ts as noted previous-

ly. The lack of. s i gni f i cance of t ime . hows tha t there is no detectable

growth of total col.;: form in the clams, ei.ther refrigerated or control

lots, during the en! i re 49 hours of. storage af ter harvest. Fig. 69

tends to indicate that the total coliform count in the control lots of

clams does increase. However., because of the variability in the data

the apparent i.ncreas.. in tots.'i coliform counts shown in Fig, 69 is not

statistically signifi canl .

Table 28 shows the AOV table. For the .ecal coliform data. On.ly

runs and the inteiacI ion of temperature  Fy and time after harvest  T!

are significant statistically. The signif c-nce of runs has the same

explanation as given fox runs in. the plate count data above.
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TAHLE 28. ANALYS18 OP VARIANCE TABLE FOR FLCAI, COLIFORM DATA FROM
THE OR-HOARD COO1.,IRG STUDIES

MSDFSo< x   e SS

6.75 *

0.19

0.025

0. 045

15 5.086

1 .145

1 .019

1 .034

45 .754

76. 289

. 145

.019

.034

33.917

Runs

Temp  F!
Coolxng method  C!
FXC

Error 1

Tame  T!
TXF
TXC

TXFXC

]' rror 2

0.008

4.13 *

0.72

0.99

.004

1,959

0.3433

0.4693

0.47418

0, 012

5.877

1,030

1,408

203. 896

3 3 3 3
430

indicates signif;., !ant values at the 5 percent level.

The fact that temperature, co<'li ng method and time are not

individual 1 y s i gn < f icant bu 1 the int ex ac ti on of time and temperature

Lack of sign'finance of cooling methodx s rexlu3tres further aQa lys rs .

shows that the laboratory and commerciaL refrigeration systems gave

equal resul ts for fecal cali farm data, as for plate count and total

col i f oxm  la lta, To fur'!hex de term. rle the mean ing of the temperatuK'c-

time in eraction, a SNK  Student Neusxan Kool! test was run to

determine which means were ditferent from each other. The results of

this test is shown in Table 29. The di fferences between various values

can 'be ascertained by comparing superscri.pts in Table 29 and observing

the plot of the data. Fig. 70. Looking across time for the control

samples, Table 29, the zero hour value is significantly different from

the 6, 25 and 49 hour values. The 6 hour value is significantly

different than the sex o and 49 hour values only. The 25 hour value is

significantly d;-'.ff erx!nt than only the 0 and 49 hour values, whi le the

49 hour value is,.ignificant'ly different from only the 0 and 25 hour

values. A simil,ar ' omparison can be done for the controL samples,

Comparing the refrigera ted mean with control mean at each sample

time shows there is a signi.ficant differenx e only at the zero and

six hour points.
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In general, the fecal coliform data shows that during the first
six hour period the fecal coliform in the control sample  unrefriger-
ated! grew rapidly while the clams subjected to immediate an-board
cooling show little or no fecal coliform growth. At approximately
six hours after harvest the control samples were also placed under

refrigeration. Looking at the initial refrigeration period for each

set of clams, the 0 to 6 hour period for the refrigerated container and

the 6 to 25 hour period for the controls, Fig, 70, indicates there is a

decrease in fecal col~form count during this period. Table 29 confirms

that it is statistically significant for the control but not the

refrigerated samples. The reason for this decrease is unclear,

although one cai speculate that it is caused by temperature shock

experienced by the fecal coliform bacteria.

TABLE 29. RESULTS OF COMPARISON TESTS ON GEOMETRIC MEANS OF THE
FECAL COLIFORM DATA

Hours after Harvest

49

0.779 1.061

0.798 0.960

0.473 0.953Control

0.745 0.621Refrigerated

During the initial six hour period the unrefrigerated clams

experienced rapid fecal coliform growth while the on board refriger-

ated sample actually experienced a decrease in fecal coliform count.

However, once the control samples were placed under refrigeration

 after 6 hours! there was a decrease in count in the controls caused by

refrigeration plus there was a fecal coliform growth experienced in the

clams refrigerated on-board between the 6 and 25 hour sample points.

Superscript indicate which values are significantly different from
each other. Values with at least one common letter in the superscript
are not significantly different.
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The combination of these two factors caused the fecal coliform count at

the 25 and 49 hour sample points to show no significant difference

between refrigerated and control samples, Thus, on-board refrigera-

tion does significantly lower fecal coliform counts compared to non-

refrigerated. However, refrigerating the controls after six hours

plus growth in the on-board refrigerated samples during the 6 to

25 hour period results in similar counts in the controL and on-board

refrigerated sample about 25 hours after harvest,

Thus, the effectiveness of on-board cooling depends on when

sampling takes place and on relative time between harvest and when the

non-refrigerated clams are placed under refrigeration. Data presented

indicate six hours between harvest and placing containers under refri-

geration leads to simi.lar fecal coliform counts after about 25 hours.

Increasing the time between harvest and pl.acing the clams under

refrigeration tc more than six hours may change this result si.gnifi-

cantly due to the more rapid growth rate of fecal colifor~ bacteria in

unrefrigerated clams. Even if clams ate held under unrefrigerated

conditions for six hours or less, Fig. 70 leaves open the question of

what fecal coliform count will be in these clams if storage is extended

beyond 49 hours.

Conc]usi.ons

The following conclusions can be drawn from the on board cooling

data presented in this section:

l. Icing samples and transporting them back to the laboratory

for bacterial analysis produced results similar to starting

analysis on-board the harvest boat in tests conducted in this

study.

2. In monitoring bacterial growth over the first one hour after

harvest the following were noted:



a! Plate count increased a detectable amount when the clams

were held under conditions currently used in the industx'y.

Clams r.=frigerated immediately after harvest showed no

detectable change in plate count during the first one houx

after harvest.

b! Total coliform multiplied at statistically detectable

rates during the first one hour after harvest in these

tests whether they receivea immediate cooling or were held

under current industry practices.

c! One hour was not long enough to statistically detect a

change in fecal coliform population in soft clams when the

clams were held as currently done in the industry or were

ref x' i gers t ed i ~rlmed i' tely a f te. harves t. This conclusion

is based on the small number of paired samples  i.e.,

8 samples! available in these tests.

3, 'Water and clam temperatures at harvest in Naryland often

exceed the tempexat»re necessary for rapid multiplication of

bacteria.

4. Plate count, total coliform and fecal coliform increase

simi!arly in a commercia! cold box as they do in a controlled

laboratory -ooler.

5. Plate count increased at a simi!ar rate in the soft clams

tested herein whether the clams were cooled rapidly immedi-

ately upon harvest or were placed under refrigeration in a

cold box six hours after harvest.

6. Immediate an-board cooling reduced total coliform counts in

soft shell clams over the 49 hour storage period of these

tests compared to conventional industry practice. Over the

49 hour storage period total col.iform count xemained constant

once the clams were cooled to 40 -45 F.
0 0
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7. Fecal coliform counts in these tests appeared to multiply
rapidly during the unrefrigerated period between harvest and
placement in a cold storage room.

S. Fecal coliform counts in the control tests decreased

immediately after soft clams were placed under refrigeration,
possibily due to temperature shock.

9. In these tests the unrefrigerated period between harvest and

cold storage did not exceed about six hours. Under these
conditions fecal coliform growth during unrefrigerated and

subsequent refrigerated storage and the initial decrease in
count due to placement under refrigeration combine to produce
about equal counts after approximately 25 hours of storage.
This equal count was maintained up to at least 49 hours of

storage.
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VI. ENGINEERING ASPECTS OF THE SOFT SHELL CLAM INDUSTRY;
DESCRIPTION OF KOUIPMENT AND PROCEDURES

increased size or reburrowing after having been dislodged. A siphon

 neck or snout! is extended to just above the surface of the bottom to

feed and discharge wastes.

Maryland soft clams were essentially unharvestable until the
development of the escalator dredge by Fletcher Hanks of Talbot County

during 1950 and 1.951. It was first used commercially by seven licensed

watermen in 1952  Manning, 1957!. The 1955 General Assembly of

legislation to license dredges and operators,Maryland enacted

restrict areas of operation, restrict dredge size and provide a

10 cents per bushel tax to Fund clam re.'lated research.

There are two prod:.,minant areas of. soft clam productio~ on the
East Coast: Maine and the Chesapeake Bay. There are several differ-

ences between the two resources. Most of. Maine's clams are found and

harvested from inner !idal zones while all of Maryland's clams are

found in subtidal waters. The clams of Maine are dug by hand at low

tide whereas the ."!aryland clam is dredged mechanically and hydrauli-
callyy from a boat. The colder environment of Maine dictates that three
or more years are necessary for a clam to reach harvestable size.
Maryland is the southern limit of commercial quantities  warmer water
being the limiting factor!, but Maryland clams grow to harvest size in
less than two years, They are frequently subjected to thermal stress-

related mortalities resulting in a dynamic clam population.
The clam begins 1ife as a free fl.oating larva. With further

development they are able to attach to sediments and vegetation or
release thems..ives at will to dri.ft with the currents to a more

favorable habitat, At a length of one inch the clam establishes a

permanent burrow in the bottom. The depth below the soil-water
interface depends on the size of the clam and the nature of the bottom

sediments, The depth to which they burrow will be approximately 2 I/2
times their longest diameter  Dow, 1961!, but this depth can be

increased to four times the length of the shell  Hanks, 1966!. Limited

vertical movement is possible to adjust Eor changing bottom levels,
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Escalator Dredge and Boat

Figure 71 shows a schematic view of the hydraulic escalator

dredge used for harvesting Maryland soft shell clams. It consists of a

water distribution manifold, a dredge head, frame and conveyor. The

dredge head operates below the bottom surface a sufficient distance to

be below the clams. Water pumped through the manifold erodes away the

bottom ahead af. the dredge and washes the sediment and clams into the

dredge. Water fl.ow through the dredge head carries the sediment and

clams into the conveyor. The chain mesh belt allows bottom soil to

pass through it but retains the clams. The conveyor carries the clams

out of the water and past the side of the boat, The dredge operator

picks the clams off the conveyor as they move past and allows empty

shells, clams below legal size, stones and other debris to pass over

the end of the conveyor back into the water. Bottom soil and debris

settles back into the trench formed by the dredge as it is forced along

the bottom by the bast, This partially refills the trench and provides

an easy place for the undersized clams to reburraw,

Dredge Construction

Fig. 72 shows detail.s of the dredge ~ater manifold. Water is

pumped dowr the hose  upper right of Fig, 72! into a manifold. The

manifold distributes the water to a series of nozzles usually formed

fram straight lengths of 1/2 or 3/4 inch diameter black or galvanized

pipe. The spacing and number vary slightly from dredge to dredge, but

usually there are eight to ten nozzles an the manifold. Nozzle length

varies some but is usually 4 to 6 inches.

The angle between the vertical and the nozzle can be changed to

suit operating conditions of dredging speed, botto~ type, etc. Thi,s

can be accomplished by the rod attached to the top center of the

manifold, Fig. 72. On some dredges this lever can be controlled from

the boat during dredging while in others the dredge must be lifted out

of the water to vary nozzle angle.

The dredge head is also shown in Fig. 72. The dredge head, or

scoop, is limited to 36 inches width by the water manifold, the maximum
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FIG. 72 Water Jets and scoop as viewed from the boat deck
when conveyor is in the up or stowed position.

PIG. 73 Conveyor chain and hydraulic motor drive for
escalator dredge.



124

legal length of which is 36 inches in Maryland. The head has a

narrowing transition section which forces the dug clams onto the

narrower conveyor. The water flow from the nozzles is sufficient to

carry all the clams and sediment onto the conveyor chain.

The conveyor chain is usually 12 to LS inches in width au is made

of square metal links. The mesh size is at least one inch square to

allow soil and small clams to pass through the chain. Most watermen

use steel chain, but due to corrosion some feel the increased life of

stainless steel outweighs its increased cost. Fig. 73 shows a typical

chain.

The conveyor chain, water manifold and dredge head are held

together and supported by a steel frame. Frame design varies from

dredge to dredge but generally is constructed of welded steel. Its

length also varies depending on the maximum depth of water it will be

used in. However, a long dredge will be 35 feet between centers of the

conveyor shafts. Typically, the frame has an arch in the center such

that when both ends of the dredge are on a flat surface the center of

the dredge may be as much as a foot above the flat surface. Each dredge

is designed differently since the dredges are handmade by a waterman or

by a waterman working with a machine shop. Some dredges have no arch

at all, The reason for the arch is not clear; different watermen have

different views as to advantages.

The dredge conveyor chain is driven by an electric or hydraulic

motor, Fig. 73. Hydraulics, Figs. 73 and 74, are gaining increasing

popularity due to their resistance to salt air corrosion, easily varied

speed and torque, small size, low maintenance, quiet operation and

ability to be easily reversed  a significant advantage when the chain

gets caught in the bottom!. These advantages seem to offset the

somewhat higher cost of hydraulic drives over electric motor drives. A

few watermen also use a small air cooled engine on the dredge to drive

the conveyor chain.

Fairly high sides must be pLaced along the conveyor and sides of

the head to keep the clams on the dredge, especially along the

submerged parts of the dredge. Some dredges have the dredge head and

underwater portions of the conveyor completely covered. These sides
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FIG. 74 Hydraulic controls for the dredge power unit.
Below the reversing spool valve is a by-pass
valve for conveyor speed control.

',,'.jl' l~ k$!g !N>~1j!  !i~I f>> jggggjlj'!>X!l::.

FIG. 75 Forward stanchion and cable assemblies used to
carry the majority of the weight of the dredge,
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 and cover! may be made of sheet metal, plywood or a wire mesh

material.

The dredge is supported from the boat at two points by cable

assemblies. The rear support is adjusted only when stowing the dredge

for travel. The front cable support, or stanchio~  Fig. 75! carries

about 70 percent of the total dredge weight and must be adjustable over

a large vertical distance. VerticaL adjustment is usually obtained by

an electrical power winch  Fig. 76! although a hydraulically powered

winch could be used. However, a hydraulic winch drive requires the

engine powering the hydraulic system ta be running whenever the dredge

is raised or lowered. With an electrical system some dredge movement

is possible by drawing power from the battery. The front winch drive

must be controllable fram a forward position near the winch  for

stowing the dredge! as well as back at the operator's statian so that

the dredge depth can be adjusted easily while dredging.

The large volume of water required for washing the clams from the

bottom is provided by a centrifugal pump driven by an auxiliary engine.

Engine, pump and suction line are situated on the left side of the boat

to offset the weight of the dredge  located outboard on the right side!

as well as ta draw water from a point away from the area of dredging.

Fig. 77 shows a typical direct coupled system as used an a clam dredge

boat. Although pumps used vary considerably, a centrifugal pump,

usually having a 6 inch diameter inlet and 0 inch diameter outlet, is

most cororrron. The 6 inch inlet pipe is farmed into an inverted U-shape

and coupled to the pump with a rotatable connection of some type.

During operation the inlet is placed in the position shown in Fig. 77,

When the pump is not in operation, the inlet is rotated upward so the

entire inlet pipe is inside the boat railing. This allows docking of

the boat without damage to the inlet pipe.  The dredge is on the other

side of the boat so the waterman cannot get up to the dock on that

side.! Al.though the example shown irr Fig. 77 is direct coupled ta the

pump, some boats use belt or gear drives to match engine output shaft

speed to pump requirements.

The pump motor may be either air or water cooled. If water

cooled, water is usually drawn from the dredge pump discharge, passed

through the engine once and piped overboard. Air cooLed engines
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FIG. 76 Electric winch used to raise and lower the
foreward end of the dredge.

FIG. 77 Typical dredge pump direct coupled to internal
combustion engine. Pump intake is shown in the
operating position..
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utilize a radiator and a recirculating water cooling system similar to

that used in an automobile, Water cooled systems provide quieter

operation and an easily adjustable cooling rate when compared to the
air cool.ed engines. However, water cooled engines cannot be operated

any length of time without the pump running and the brack»h water

corrodes the engine more rapidly.

The pump and its drive motor are mounted on the port  left! side
of the dredge boat to provide a counterweight for the dredge which is
mounted outboard on the starboard side. Additional weight is sometimes

needed on the port side to increase boat stability,

The boat and dredge must be compatible. The dredge has to be of

sufficient length to reach the bottom in the deeper waters without

excessive conveyor incline. Dredge strength must be sufficient to

withstand its own weight and dredging forces but not so heavy as to

hinder boat operation. The boat must be capable of supporting the

weight of the dredge and iCs support rigging, an auxiliary pump engine
and perhaps counterweights. Sufficient deck area must be available to
stow empty and full baskets and provide work space adjacent to the

upper or rearmost end of the dredge. Host size should be sufficient
for stability derring dredging and seaworthiness in open water, yet

within reason relative to initial and operating costs and maneuver-

ability in shallow water.

Most clam dredge boats used in the Chesapeake are of bay built

dead rise construction. Usually these boats have washboards about

12 i~ches wide in place on the boat. The dredge is mounted on the

starboard side and stowed on the washboard for transport and docking,

~Oeratioo of the Clam Dr~ed e

Upon reaching the harvest location the dredge tie down ropes are

unfastened; the dredge is raised from its stowed position and moved

outward beyond the edge of the boat.

The scoop or digging end is lowered by the lift winch until the

water manifold is below water level. The hold-out bar is dropped but

no lines adjusted at this time. The suction pipe to the pump is

rotated overboard into the water and the pump engine started.
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Several mearrs a Ye uaed tO prim» the pump. A l ine fr'Om the int »1< P

I ani fol d of tire pump engirre is run to a transparent reservoir then

the top of the suction pipe. A valve in the line serves as a cont;rol .

'>iacuurr is appl ie<l to the suction pipe until water is observed in

-,.Ps> Yv<!i'I'. The valve is then immediately closed to prevent wat .Y

<?nt»r ing the en! ine, A Syatem reqitiring more labOr uaeS a maniia1

va<»rirm Iru;,:<;> On I:lie iiot.i On I ine, Annther ra»thOd uSeS a Se«O»<l, »iris] I I

sel f � p!Yiiai ng pu-:.:Ip t:o p< sip iwa ter into the ]arger pump.

Once w,<ter !, b<:= i»g pumped t:o t.h» jet mi;<nii fo I.d, t h<. dr<idl><

<>iiV<:yu; I a St<1 1. t e I al1< the dredge. IOWer ed tO jr<St abc!V» tb<.' bOtt <><1?.

The bel ly rope arid hold out ] ine are adjust»d to hold th<. dr< dgc in

I i ne> wi tli t lie t;.o,i, Any, ', g»i f iCant: ra: s ing or ] ower i ng of I h» dr«',g'

>will ii»C »S.>,' t.; t<. > «;i<I j>IS l'ritent Of the b<..1 ly;1nd hnld-Out I in  .;, r><,'i tti

a] 1 equi p»I<.nt;-pe Y,'Ii. ing. the baat t r:InSmi SS i.On i S eng;!gael and t.h<.

<Jr <Ige low< r< d irito the bot tom. The depth of the scoop in t7!e bot toim

can on] y be;;-ei<'.. i::<l. '<h, n depth is t?o sl!a! ]ow, snoiit » wi1] be cut <! f I

and c1ar s wi I I I e «iit: in hal f pcrpendi cular to the snout. Hot h o t

these pr< bl>»::,s arri vi sibl e in claras coming up the c< nv< yor, Thn

p Y»S< rice <if <v!1» J <> «] <iri» v! I l indi»at< suf f ic i cn t. depth. I xc»SS ive

dr<«';ging de>1th I s 1<.ss appa Y»n t.. un] erss forwarclmot ion i s r<.stri c tcd an<3

the. !oat:;i<lvarr«os 1 elative t<! th<. dredge. Other restr ictions to

dr<. <igi»g CII <.: ria Y<! !?Ot' t:Om, in»<>rr »C t a I i grime'trt Of. tire Water j<1 t S Ol.' <.Ii

01! d«': < oii t.h<r li<! t, it.<i;i!,

1!ur iirg act iv«'. Iree!girig t b<'. ope, at or leanS acr'oSS the Was]�?Ciar d  a

very t iring t!os i t. i oi? to woYI< in! an<I viaua] ly scen! the entire load of

mat < ! ial on t71< c<?riv<yor to deterrnirte Correctness of clredge clepth

to r< ttr i cvc I i v<i, bea I tl?y, legal clams, R» trieving harves tabl«. !]am>s

frr<mi t h«: <>nv<.y<i<- miia!:, be <iOne qui <IICLy aS t.ime dO<>S nOt per;«i t a S<.CO>rid

ar!ce Or t..hiC phya I «''ll <1ea,iur C'III<, <it Cr f C: lama unl <;SS the Clam pniii.;:1st i < ni

i s very 1 ow. Th na! ure of tli< bot tom determi ne» the di f Li c'ul t y iii

1ocat'i ng !tarvia st ab Le c I ims or> t he conveyor, Fig. 78. In sand bot I !<rr

no res idun J. shei 1 s, the conveyor i s empty of c xt r anc oirs mat I "i .

In areas o> h<iavy sliell residue, the depth of empt y abc 11 s <in t'ii.

. onvuyor has lieen obs erved to approach two iric lies, t !iris I iiip<';I i:;;,:

visual idc nti f i ca: ion of live clams. 3om<, b !t t om t?as siif f i < i eiit b i»<I<
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FIG. 78 Fxample of material, other than harvestable
c.Iams, which is brought up by the dredge.

FIG. 79 Pull clam baskets stowed on the port wash board
and shaded by inverted cover-baskets.



in it that large r hunks are brought up with the conveyor. Aquatic

!31ants w<=:rP. not observed oil the conveyor in any quantity.

The great er por'i: ion of the dredge operator ' s time is spent

b�'- t. !' pil".d 1 u< b<lat, Lel<rillg and g<.'1'1 c!!ailgi ig 'lrcCorlveyol .:;=. -."«<.l,

conv<lrl 1 e!3 L t; o I: <le <3=',3erBLol . vPi1en ! a rg<1 ob jec i 5 on Lhe boL om jam t.le

conveyor> t.!lc !.io,'. =" <.arx bo freed by reviirs ng i.t without. the opera i. or

IL'O'v 1 rig f rom h '2.S St !iL '-.Qn.

vi si!a! ly scan!ling th» contents of the moving conveyor for har vestabl e

c!Rm . i!lese are picked manually with one or both hands and, laced in

either a wooden I3ushel basket or a smaller container, which when filled

is t lien dumpe;! i:1 t:<3 the wooden baske t. The t:h in fragile shel l o f the

< 1 am requ! r ..;:, ' li it c! Rms be placed into th- contair<er, a- even

12 incli <!1;3p w: !! cause br eakage of scm» ", ams, The ful l basket i s

corri;.<!;!3 a s R 11 age '! Ocation ei ther on the fantail, left: washbc,,ril

 Fig, 79! or int .r. ol- deck,

~i>R<y! a!ld ! apl<i 11 I: ions require full clam baskets to be protect:e<1

fl <31:,,-;! ice; I: rn" s ol< t.he sun and kept away fr<.:m !1'.gh tempel atur<1 ai:eas

of the boat  e.g,, 1:=ear the eng:i.n» exhailst }.  ;urrenL practice i s to

inve t. Rn empty ba ke! Over each full basket to provide shading,

Fig, 79.

The surf-',-;:.;-. !.evel of. freshly fi! 1Pd clam baskets always recedes as

tile cl alas di,.l.harge water and individually reduce thei.r volume. Thus,

i t: is the indu,. t.ry practice for the dredge operator to "top off"  i.e.,

add c] alas to Rhe b 1 s!<P t } about one hour a f ter original f ill ing and

ai!1 at dr.cks! de. Thi s provides a fu! 1 basket to the buver.

1t1 t:1<= 1!.'3:. 1-'ice of wind, waves <lr cu!. renRs t,ie op  ' ato' !is !a! ly

<lredg<. n a w'dc c i rc! e to the right as visibi! ity to the lef L frrlrlL

i s 13!Oc!<!!d !3y t h<- c lh in. I f waves Pxi s t, the boat !mist be operated

p<3s pen<i.i'.!ll ! =".o t:!:,~1 waves, A s Lrilrig tide r' om L!lie rear wi. 1 1 pose ' bly

wash clams;r<im the dredge.. Wind from the rear helps propel the boaL

and dr«!<.e t!i to»gh st i f f bot tom. Seas of two f.eet or more in.hi.',li, t.'

due<! .bing, Tbu WR!<PS Of <3<.earl gOing freig'rlt.;ra haVe Caught Clammer S by

r«; 1! R ing in ..<.Vere c!amage Ro t: he <!.rec!ge arid 1 iggi=:. g.

R 1 ! < re<'~pc' b<ia < "' I ave a drla! s""R of <'13nt'r 31 s ' o11e i ocR ed

at the.:'3!3el a t ii! s S 1 RL 1 On n<lar t!ie con v<.! ol R11<' a si cond In I h  <1 !at

  ab in, T!le Si t. !leal t he operator ' s s tati onal!owS c<lnveni Pnt Con' r<31

OE Lhe !3o;it:lr<! dre !ge during active dredging. Thus, dredge r!Ppth and
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Dredge Operating Parameters

The conveyor is often designed with an easily variable speed.
Speed used appears to be a function of bottom type> boat speed and
operator preferenc.e. A conveyor speed of 1.87 feet per s, .ond was

measured on one boat.

Many different pumps are used on soft clam dredges. Time and
availability of measuring equipment did not permit detailed analysis
of pump operating parameters. Ho~ever, Mathieson and DeRocher �974!
did a detailed ana1ysis of one pumping system. Their system provided

575 gpm at 21 psi nozzle pressure, Generally, Maryland clam dredges

use a centrifugal pump with a 6 inch inlet and 4 inch outlet. These

pumps usually ope:: te at about 2400 rpm and require approximately

30 horsepower.

Mosr clam dredging systems utilize two internal combustion

engines: one. to prop  1 the boat and a second to pump water for

dredging and to provid~ hydraul.ic power if needed. Manning and

NcIntosh �960! equipped a clam boat with a variable pitch propel.ler

and powered the water pump directly from the push motor, eliminating

the second auxiliary engine. 1!sing this arrangement they were able to

attain dredging speeds ranging from O.l.5 to 0,.'55 mph depending on the

comb ination of pitch and/or engine speed used. This compares with

commelc ial dredging rates reported by Manning �957! of 1200 to

1300 square feet per hour which, if one assumes a 30 inch wide dredge

head, converts to '.p~ eds of 0,20 to 0.21 mph. Manning and McIntosh

�960! determined thar for a given engine rpm an increase in pitch

resulted in an increa e in dredging rate, but only up to a point af ter

which the rate dropped of f, Dredging rate was shown to increase at an

increasing rate as engine Tpm was increased with a resultant increase

in both thrusL and water pressure. Over the ranges of engine speed and

pitch tested, a fuel savings of 26/ to 37K was realized by using a

singl.e engine versus a dual engine. For single engine dredging fuel

cost per acre was reduced as engine speed was increased. Flexibility

of operation was not impaired by the use of a single engine and

variable pitch propeller.



133

Sevclral;i!eas !re=.:,!c nts were made of the forward speed of dredging

diir.ing the 1975 <!n-board. Cooling studies. A pointed rod was forced
int« the ber te! I! 1 .,t uf f the ster n of the boat. A string having knots

! i ed at 4 Jlo 'n i:it  I l va 1 s le!a s;It t ached to the r od. The t i me req- red: or.

. J e !: !GR t Co pri!g1 .'-:: -' t: he <ll starlcP bP tweeli ally two knots was t '1!ed wi th
The rod was subsequently retrieved by a hecivy l opca c  t <!c!Wa t C !I,

at t: J ch<-;1 i .�: t!i: I o!1  ! Iu;  . above t h<:. boy !.<>m, Type of bottom was not

d:: ter-:'.!in lcf. M<-; .:-!1!.  ' sp<»eds ! af!g<!d fr!!cn 0i,23 t:o 0. 37 «!ph,

I, hi'.c>; 1, =: a! ; -at. =; o f ha! v aa t:f Yil 1!u/I;il � l S a fui! l t; i Oii  ! 1 c.' lais

''[1' i " "f!Ii '- ''» c'c "I l'!'i'< AS ci!. [a' J!g a 30 li! Jh a< >C>p Wl a r.!! Ol> .'1 c! J l'i c1 1n
2a rate of 1200 i t pe r hour, 100 bushel, per acre will translate into a

prepar at..ioi! .,  Os! pt l pl! r "it i on is done thel n g !  lf;I I 1! r. i-,'. ni c'I I i C ' -cc  rl d

pl <.v- «us !lay <iu -ir;g <lj>ylig!lb. Steaming t.ime ranges hetweer! 20 minutes
I!.i!! .' ic, . 'I '. '  j>i'.  -, I";ec' p air!et  1'. c! a S ir : el  itl!1 I! S u r  ?<1 ci t' be i. 'Wee!! ti a'nd

g.:!I 1 ilut-:?! <1<cpa[� !C! . rc>i, O	  eel92a t 1!<? r 1 Ol .�:.:.!Cii a! i,  ce« cking� . Securing the

t e 1' [!;:-' r  i  ! O.I I'  ..' s f! Hlinli t. <; s <! ' -!ill!r <' <lop »i d ng on t..h ' a[no! I<i 1  > f

t 1!I1 .  !Sad t« Was',I <cc!Nr! <? qU 1 p[!!eI! t . The t I III<? r COul red t O dOCk �'fl! e!carl

1 ! !!u[jhf:?1 cj 1;he'f! '.; 1 as<' ' I i] c d«Ck w[!s I!J<»cas!J "e<i at 3 to F! m!.n iteai

'.'. f f I et.  ! f fiha:11 '::, .n, of t She! 1 0 1 am T ?a! ! "1; t . r'e

;-r<>< <..".Jt; .'!ar y i anil I-cgul al;. iona req  i.r<l wati; rmen to cov<  " f!»11 cl am

i:;-'1 t,i ,:in emP t.v L!asket or to Prov ide aLleq lc te shading;! f t I:ie

c I.ams f:r !Ii  li.; eci', sui l ! ght. F! g, 80 snow.,. -the ef fact of e!<poa Jriv L- I <Ii[!s

to <", i 1" ec t s !u! i li!! t., Temperature of the clams was measured through
'c''ns?r t.:i !li !r 'I 1!1-;".,";<';.I up. e in the.:.Oot «p<l ".ing, lni. t.i.a'!. Cl am t:..mp<!l a-"

«
t ur »  sh:! <1«.-'c;1 :'. tf  ai: inverted basket ! was 84 F. Af 1;er 2 ! a! nu < «s '! E

r! 1 COCI, exl>oaul <c I 0 S inly '"ht Cl airl tC'rllperLat ure I cid '.  !Cree BCCI 1, « I  >0 F.

harvest rate <nt 2. 7 ! h !shel s per i!our. A water[i!an could begin har vest

hy 'I: 30 AM  !!! <1 ca!.; lf! 1 h » current 1..! 1".. shel. lamed t be f or e th� noor!

s-.m;.Je!" rim, c J «f J...ocal ..:;a<1 d ns i ties of 600 bu/ac  Mar!ning, 19>7!

and300 bu/a<;, P I. i t.-. c ! layer and Dr «heck, 1963! have been measureL!.

~ep  ed of dredgi [!g 1!as a pra" t i< al upper limit in bottom having a 1!Cavy

.  -s .'-.c ! al du -; to t.h  i mGu!l t <! f I:I ;.i  . e, i a 1 c<!rnil!g over the conveyor..

Th<? <1 ? r ands <!n 1 he L ccater"irian s t im  inc 1 ude preparation, steaming,

,:lr< dgc. <.'ngageiacn t, hal ves t i ng, d I-e<lge J.e t ri Pval, retiirn trip,  inload�
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The foot opening af tt.e clam was observed ta have opened. The clam was
touched to check thermocouple position, the clam closed and the

temperature increased to 105.5 F but lessened as the clam again opened,
Fig. 81 sI>aws ttt<. effect of keeping an inv; rted basket over the

a
full basket. 0ver a 1'!eriod of 50 minutes in 80 F ambien' air the

ouncovered clam; w<tr~-: wa tmed ta 96, 5 F, whet eas th= top layer of clams

in the covered basket increased in temperat:ure to 83.5 F, Temperature

of the cent e;. r i t!h<< t wo baskets was fa i rly s tahl e whether a<overs d ax

not over the 50 :.,-~i nut e peri ad.

Data in L> >t!> pi g.',. 80 and 81 strongly support the desirabi li ty af

providing adequate p>.otection< for the clams from exposure to direct
sunlight, Obvi nus'; -7, the t.emperat ur» of t' he top layer is inf 1.uer>ced
the most, Dat a fram the envirar<menta] chambers combined with data in

Figs. 80 and 81 strongly suggests that bacterial growth will be
particularly r::,pi 8 in the t op layer. During subsequent handl ing au<1
processing this 1 eyer may contaminate many other clams.

Effect of the t':seal ator Dredge on Clam Hot tom

8 inca t h- development of the esca 1 star dredge there has been

concern av~-:r the ef f:-.ct.' o.= the dre<'1<'» an the clam resource the bottom

in I he irm «<I iat;.::;.: r<! a < I dredging and ad 'scant bat tan>. Al though thi

study did not a</ctres.' th>ese quest.ians, save! a1 othe> invest. igat!nrs
have. or I n'; <>nveni en:e af t ho reader those >af>er s el e briefly

reviewed I! el e

Kyte et. a I . �975! wa> ki ng in "-.Iaine reported that in the >>ppe>:.

4 cm st rat um i h:: nu>;;8<'r of j<>van i le clams was <deter>< ined before and

a f ter dredging, No grea t. change was observe<'; at the fire t sa!%pl i ng
after harvest ing, I. ut to> subseeuent samplings t.h<e tr» nched area

yielded a great at dens i ty of tuveni1 es "=.h n t he sur rounding f1ats,

Manning �957! wo k i ng in< Ches ap - ake 8 y reported tha t in a 1 knot

current or less, <,,a>r>ag~.. t o adjacent oyster -: ress would 1 ikely occur out:

to a maximum> of 75 feet. As to the trenching effect on the bottom, ou

the day nf. dredging tl>e rema 'ning t reach was 7 i><ches ta 8 >Ac!<es '"op<<>

 average 5 incl<es!; af ter 4 to 6 days trench depth was 1 inch to

8 inches  average 3 inches}  Manning, 1957! . In an area of. repen' c<I
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commerical harvesting aquatic vegetation was essentially IOQ percent

removed. Pfitzenmeyer �972! concluded from a series of dredging

studies that the dredge can be used without seriously affecting the

resource due to Lire good reproduc.tive ability, rapid growth rate and

reburrowing ability of cl.ams in Chesapeake Bay.

The Clam Bushel

Observations, Comment;: and Suggestions Pe.ar ive I ! =-,-redgzing.

Some dredge convey-;<: are constructed witlr a sl ight arch  i..e.,

the middle of the con;reyo fr arne is hi gher than at the ends!,

appears that a conveyor wi th a slight catenary sag would reduce power

requirements as the tension on the be'r t wor!1d ten!I to I..r.f t the hei t of f

of the sl=.des re<','.rrcing drag friction.

Operation of the dredge in rough water is difficult in that boat

pitch causes the dredge scoop to be raised rrrd '!owered, Ther'e is some

point in the boat that is srrbject. to mi ni:-r»m vert i c a I mo;-- .',=,aen t,

Locating the scoop support at that position, if possible, should reduce

the effect of pr.tch on the vertical stahili ty of Lh:;. scoop,

It is also:.ossible to devel.op a c ev4  e Lo maintain the dredge

head at the same l,evel even tlrough Lhe bc!at I s I>i t< I!i ng, Befo! -. sucl! a

The bushel is =he rrni t used to rru.'asu e the vo! ume of clam; for

harvest limits, taxes, yiel;.Is and a@pox L' qua»tf tres, It is the bas ic

container size and the basis by wirich clams are bought and sold.

Bushel weight and d.isp1acemetrt volume were mens»reel oy Tatro, et, al.

�967! . Four hurrdr. ed and fi. f ty hushe l s I! a;:I a mea!r n: L weiglrt of

67 pounds and a rang  of 52 to 72 pounds wi rh a few as low as

55 pounds . The me an! d 'i spI ac omen t volume was found Lo be 6. 5 gal lans

with a range of 6.0 to 6.9 gallons.

This author wciglred several b.-:skets delivered to a processing

plant. Net weiglrts at the several pl ar! t» wc!-» 5 at 55. 7 pounds, 3 at

55 pounds, one at 50 pounds and orle at 58 pour'ds for an averag  of

57.6 lbs. per basket. Much variation seerl s to ezis . sirree L'I!ere ls no

standard bushel we'ghi.
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device i.s developed, the economics of using it and the actual need fnr

it should be assessed more thoroughly.

Propeller thrust during dredging is required to push the boat

well as force the dredge through the bottom. Since the scoop 's offset

to the right from the cenCer of the boat, the center of resi 'ance to

forward travel is on a line from the propeller to s1ightly left of the

scoop. A left rudder setting must be used conCinuously to counteract

the offset loading. Power is wasted in proportion to the sine of the

rudder angle. It is suggested that an inboard-outboard propeller

system would put IOOZ of propeller thrust in the desired direction with

no power loss at the rudder. The economics of this system need study

before it is instituted.

The resultant force of the propeller, relative to the axis of Che

boat, is to the rear and to the 1eft cIuring dredging, The equal and

opposite force on the boat-dredge system is therefore forward and

towards the right. The keel of the boat serves to keep it moving in a

direction parallel to the axis of the boat. However, at .3 mph the

keel. will not be .oo effective and it is suggested Chat the boat

experiences significant s1ip to the right. If this is in fact the

situation, then the scoop of the dredge is being pushed to the right as

well as forward. A determination of che slip angle and the angular

difference between the dredge axis and boat axis would provide the

angle at which the scoop should be set relative Co Che conveyor. The

elimination of side forces on the dredge would reduce thrust require-

ments necessary to push the dredge through the bottom. Further study

of this situation would also be beneficial.

Host c1am dredging rigs utilize two large internal combustion

engines: one located amidship to turn the screw, a second on the lefC

side Co power the water pump and hydraulics as well as to offset the

weight of the dredge. During travel to and from the harvest area the

push motor is used at full power while the pump motor is not run.

During dredging, che push motor runs at perhaps I/4 power while the

pump motor runs at full power. Et is suggested that a single engine

located on Che left side of the boat could serve as a counterbalance

and replace the two engi.nes currently used, This single motor could
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drive a hydra< lie pump to provide power for the propeller drive,

conveyo>;: and hoists. Connection to the large dredging pump could be

mechanical through a clutch,

Hsing <hi,s ay< em, the demand of water pressure will dictate the

spec<1 c>f t;!'e engine during dredging, Hydraulic controls could adjust

t 1!e pew<::r d!;:1 i ver<sd to the propeller. The above equipment would not

pr<..c'>!.;«<-"-. the !.se of an inboard-outboard prop<.l 1er arrangement or

variable ! ' tch propeller, Advantages of the singl.e engine power source

engine maintenance and operating costs, andwoul d be in reduce<

addit!.ona! deck space in the middle of the boat, Total dead load would

be ;ed'!ced, F'. rst cost of the above system may be somewhat higher than

t' he present system but has not been established,

R<'.lationship of Waterman to Clam Buyer

Transport of Soft Shell C 1ams

A>>.;; the cia!s. reach the dock there are several al teTnative

,:: athways ch<.".v may:.':ollow, Fig. 82 indicates the clams may go directly

to a party boat, or bai t suppl ier for sport. f ishermen, to a reshipper ' s

co 1<.r�dir<t<.tly to a restaurant or to a clam shucking plant. Any of

thea<'. alt<..; natives, v ' l h the possible exception of the party boat and a

few prone; sing pl ar>ts, require transportation by truck.

Boat a.-.<! dredge usually are privately owned by the waterman, who

o<ten 1>arves>ts on a contract basis for a processor, reshipper, or local

steame. !sarket. He usually knows beforehand how many bushels of clams

he can sell on a particular day as well as the price. The waterman

regularly sell; Lo t.he same market at prices set by the buyers. Prices

sr<=. s!ost alwa,: s in whole dollars per bushel delivered to the dock,

0 c <,< > > g p 1;.~ >> t; >. p t <> <" e s .'.: or ' s c o 1 1 e c t i on p o> i -;, ", Th e p r o c e s s 0 L wh. 0

;:,mptic, basket, ! r hi. op<.ration washes them and returns them to the

water;:",an f<>r hi s nexl.' day' s catch. Clam shel 1stock shipped out of

state s.';.>; t be in ncw wooden baskets or acceptable containers capable of

being cl «'aned, The reshipper supplies the waterman with new baskets,
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The type of truck used in transport of clams depends to some
degree on the distance they are hauled, Transport from dock to local
destinations  e.g., up to 100 miles! usually is done on a small freight

truck with a closed in box or on a pickup. Shading must be provided.

However, care should be taken in design of the shading device. Placing

a canvas or simi.lar material directly on the clam baskets provides

shade but drastically limits air circulation around the containers,

This can lead to temperatures as high or higher than occurs in clams

exposed to direct sunl.ight. In closed in trucks with no air circula-

tion si.mi Lar problc.:.;; can occur.

Clams desCIned for transport directl.y to more distan.t points

 e.g., New Fngland! are generally placed in refrigeraCed trucks. Many

refiigerated trucks are designed to hold a cold or cool product at 35

to 40 F but have insufficienC refrigeration capacity or air circula-
0tion capacity to pull a warm product down to 35 to 40 F when placed in

the truck. Warm clams directly from the dock should never be placed in

this type of truck wi.thout precooling.

Generally, clams are shipped in the basket into which they were

placed at harvest. However, a few processors and/or shippers use

cleanable plastic containers. In loading trucks wooden baskets are

placed in a row across the truck, a wooden rack placed across the

baskets wi,th Cbe next Layer placed on the racks. The racks transmit

the weight of the above baskets Co the edges of the supporting baskets,

Some clams above Ch~-. edge of the support basket are crushed in the

process. While the baskets are new and clean, the racks or board~ are

not, and the possibility exists that drip water from the top layers can

wash contaminan:"s from the racks into the lower baskets. This is a

potential si te for bacterial contamination and care must be exercised

to prevent it.

Much manual. labor i.s used in the handling of shellstock. Baskets

to be moved horizontally over a flat surface are often dragged with a

2 foot long hook. Vertical lifting of 4 feet or more is usua11y done

by two persons. Movement of a large number of baskets from a cooler to

a truck may be aided by the use of an inclined roller conveyor. Rough

handling of clair.. baskets can cause significant breakage of clams. This

increases the risk of high bacterial growth rates in these clams,
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One reshippex collected and stored clams from a number of harvest-

ers. On shipping days the harvesters unloaded their catch, docked

their boats, then helped in the truck loading operation. On one

observation a total of 268 bushels were loaded from three storage

locations in 06 minutes by at times 13 men.

The plastic containers used for shipment of shellstock out of

state are designed to nest when empty, but when rotated 180 degrees

 end for end! and filled, the upper container rests in support notches

in the container below it to prevent crushing of clams, Na slats

between. layers af ba. kets are needed. Wooden bushel baskets are dumped

into the plastic containers in the truck. The extent of breakage of

shells as a result of dumping is nat known.

Pr aces s ing a f Sof t-She H Cl ams

Fig. 82 shows a flow process diagram for the entire soft shell

clam industry except for. the frozen bx'eaded operation. The flaw

process diagram for. the process producing frozen breaded soft shel]

clams is shown in Fig. 83. These flow process diagrams detail each

step through which the clams must pass from harvest ta final market,

The various symbols utilized follow standard industrial engineering

notation in which an inverted triangle designates a storage, an arrow

designates a transportation operation, a circle designates a process,

a square an inspection aud a combination of a square and a semicircle

 an elongated "D" shs.pe! designates a delay in the flow of materials.

Although the processing of soft shell clams is a relatively simple

process many operations are involved. Manual labor predominates

primarily due to limited volume processed in each plant and a lack af

any automated means af shucking clams.

Clams are predominant.ly utilized in one of foux ways: frozen

breaded, fresh sh~cked, fresh in the shell fox steaming  steamers! or

fresh in the shell far chum fish bait!. Frozen breaded clams are

usually produced in a separate processing facility where chilled fresh

shucked clams are the xaw matexial. Fresh shucked clams are produced

by a hand shucking operation. Their final destination is generally
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either a breading plant or an institutional market such as a restau-

rant, Steamers ger<erally are retailed or go to restaurants. Soft

shell clams make ex<cellent chumming bait for rock bass or blue fish,

Thus, considerable quantities of clams are sold to party boat captains

and fishermen which are then ground up and used as chum bait.

The vol«me of clams going to the various markets is not gener'ally

broken out In statistical data for Maryland although it probably can be

determined for the processed products. Little if any hard data is

available on the volume of soft shell calms used for bait. The

proportion of harvested clams going to the several uses obviously

varies with season, availability of clams and price.

Soft Clam Shucki~n Operations

Shucking plant facilities may be located ei.ther inland or on an

estuary. The plant usually consists of masonry block construction on a

concrete slab, with a truss roof. Fach plant has its own well  unless

city water is available! and ice making facilities. Some have indoor

flush toilets while others have outside privies. In addition to

shucking soft shell clams, the plant facility may ai.so be used for

picking crabs and/or shucking oysters. Oysters and cl.ams may be packed

in the same area in the plant if separate equipment is used. EmpIoy-

ment for processing clams in the plants visited ranged from 15 to 45,

However, some plants could employ up to 70 persons during periods of

good clam availability, good consumer demand and ready availability of

labor.

Soft shell clam shucking plants in Maryland each have a unique

layout. However, they generally are di.vided into several areas.

Generally, these areas are: receiving, shipping, shell stock storage

 refrigerated!, shucking, packing and shucked product storage. In

addi.tion, ice making facilities, restrooms and washup areas for

employees, office facilities and in some cases waste disposal systems

for the plant effluent are also present.



145

Recei~vin and Sh~i~inii

Clams in bushel baskets are delivered to the plant by the water-

man, Most delivery is by pickup truck, Fig. 84. A smaller number are

moved directly from the boat to those plants having docking la-ilities

and are near a clara harvest site. Some processors send a covered truck

to a dock to collect clams from several. watermen. The loading

platforms of plants vary in height from ground level to the level of a

pickup truck bed. Delivered clams go to one of two places: the walk-

in refrigerator  Fig. 85! or to a larger refrigerated truck for. out of

state export,

The floor of the cooler is usually at the same level. as the

loading platform. Methods of moving baskets include: direct carry by

one or two men, dragging on the ground with a hooked rod, a two wheel

push truck moving one bushel per trip, a wheelbarrow with modified

platform capable of hauling 2 baskets, a 4-wheel push cart of vari ous

sizes capable of hauling 3 to l5 bushels depending on area and number

of layers, and an inclined roller conveyor. Watermen provide much of

the labor for moving clams into refrigeration or secondary transporta-

tion,

The time required to unload and move baskets into storage by two

means was measured. In the first case, basks Cs were manually ',ow< rcd

to a low-level dock from the truck, dragged 20 feet to the coolei of

Fig. 85, then lifted by two men into place, The number nf mpn working

at any one time varied between 2 and 5. Unloading of 3 loads of

15 bushels each required an average of 3.6 minutes per load, and

utilized an average of 3.7 men or 13 man-minutes, At a second plant, a

4-wheel push cart was used to move 7 or 8 bushels 40 ft. to the coo1er.

One man, working alone was able to u~load and store 15 bushe1 s in

6 minutes.

No observations were made of any shellstock being weighed at t.ime

of delivery, The plant supplied the waterman with empty baskets for

his next day's catch.

An analysis of the material handling requirements of one p'iant was

conducted relative to the feasibility of switching to a palletized

sysCern. It was determined that palleLizing was noc economical.ly
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FIG, 84 .'fethod by which most clams are delivered to
shuck:Ing plants.

FTc'.. 84 ~method of storage of clam shellstock in walk-
in coolers.
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justified due tc the limited amount of labor saved for each operation,

the nature of the products handled, and the relatively small quantity

of materials being moved.

Refrigerated Storage

Shells to«k is placed unde x' ref x i gers t ion immediately upon

delivery to the plant. Clams are kept in the «ontainer tl»ey were

delivered in and axe not washed. She! !.f is!'i » egulatlons  Sal i.i»gex,

1970! !-!'!Iuire l.hat el»el is!..ock be cooled to 50 F wit!»in 7 hour; and 40 F

within 1.2 hours, The pulldown rates for two baskets in a small cooler

axe presents!I in, Fig, 86. Kleven hours were required to cool one
o,,o

basket fx'om 69 F» o 50 F.

o.,A s i;»gl » basket of clams wa:- wa»--:»!ed to 81 F then px ace!I z n a

conventiorial 1»ou! ehoI:I t ype ref r ige rat:or to cool.. The re fr i gerator

had a 5 in. circulating fan as part of i ts original equipment. Fig. 87

shows the xate of coo.';. iz»g:;!t the c! ntex of tI»e 1»asket and the i!»texnal

refx'igeratox' ai r. temperature. Thir! cen l»o!xrs were required to cool the
0 0

clams to 50 F wi h a minimum refrigerator t:emperature of 42

Furt1»ex «ooling !-ates were observed during the on-board bacterial

studies. For tl»ese tests two containers of «I! ms, a warm wooden basket

and a pxev.ious I '»' cool ed f u l I f » ow cot»r..a i n!-'.r, we!. e pl acexI in I:he

refrigerator. For. 12 appropriate test.." .!lie average. init ial. teiz»pera-

ture of the wax!i! basket. was 72 F. Ii'»e avex age. time aequi x ed t o cool
o

the center of tz e basket to 50 F was 14 hours, kefrigerator tempera�
O

ture after initial «oui ing was approxxima!te!y 40 F,

The co<>ling rates in the above tests are felt to be similar to

those achievable ! i» wa!k-in coolers. Bath have condi t'.iona of mini-;::»a!

oair circulation th! ougl» the basket and air tea!peratuxes of 35 tn 40 F.

Icing of the rx t.'igera ter evapoxat or co» I wi].1 occur if. too low an aiz
0temperature is !!r tezapt ed, Cooling tine to 40 F is not presented as

they were e»xtrcz!»eiy variable and depenx!ent on refrigerator air !! mper-

ature. Previous bacteria growth rate studies  Section III! dezz»on-
ostrated a fair!y cons i;. tent stabiliaat i.oz» of hac! eri!I leva! ":.:=:. 50 F,

The primary aim of a shellstock cooler, then, shou!d be to rapidly



148 CD CJ
O E

CD 4 0

CO

3 0 3IIAlYII3dH3 l





150

0reduce shellstock t'emperature to less than 50 F. Further r'eduction to

lower temperatures need not be as rapid.
In the pi.ant,-. studied, those coolers used strict.ly for shellstock

storage rarrged in size from 180 to 280 square feet. One much larger

cooler was used for storage of clam meats ar<d fi.aked ice in addition to

shellstock. Basket.s are. stored in straight rows of 5 to 6 baskets. A

row of 5 requires a floor area of 90 x 18 inches. Usual depth is
4 layers, having a Lop height of 55 inches, but can be as high as
6 layers. Preconstructed racks oz individual strips of wood are used
to separate layers of baskets and to transfer the weight of an upper

layer to the ed< es <~. the supportirrg basket and not to the clams. Some

clams extending above t: he edge of the lower basket:s were broken during

placement. of <he racks. W~o sterilizing of the racks was observed, nor

were provision- for, this process apparent.

The refrige:ation un'. t for the s<rr~l le. coolers was usually of the

3 hp size. I,argent coolers used mu3. t'i pie units,
Most of the shucking plants had a separate cooler for storage of

the shucked a<eat.s. An ice machine was situated above the cooler with

ice output allowed to f".LL by gravity to a floor level bin within the

cooler. Ice was u."ed to cool containers of meat.s within the cooler.

Ice was al.so used during the blowing process to reduce meat tempera-

ture. The exposed ground level storage of ice and its handling with

conventional shove'.!s and wheelbar rows often created opportunities for.

direct bacterial contami,<at:ion of the meats.

Shuck~in

Separation of t: he ctaor meats from the shell and siphon is entirely
0manual . Dipping the clams in 1 80 F water. for a short period of time tc

make removal of the shells easier and to possibly reduce bacterial

levels is an infrequer tly used shuckin< aid. This hot dip method was

not used in any of. the st;udied plants and is not reviewed here.

The vast maiority of shuckers are fes!ale, of. al.l ages. Transpor-

tation to and from the plant will frequently be supplied to the

shuckers in the form of a bus or pl.ant:-owned car on loan.
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A separate room of the plant is devoted to shucking. Work is

performed at tables of various sizes and descri.ptions, all having a top

surface of stainless steel. Depending on table height and preference,

the shucker will sit on either a chair or stool or will stand on the

floor or an elevated wooden runner board. Equipment required is

minimal and includes a shucking knife which is owned and retained by
Lhe shucker, a two q»art stainless steel shucl<ing pan into which

shucked meats are placed, and a rubber or plastic apron. Figs. 88 and

89 are examples of shucking knives used in Yiaryi,and.

Shel l.stock in wooden baskets is transported to t' he shucking ax«a

by means as diverse as manually carrying a single basket or through us«

of a push cart hol ding six bushel. s. Clams are dumped:in a pi le «n the

table surface wi thin reach of one or. more shuckers either direct ly t rom

the basket or from a conveyor system filled ar a. «antral point. An

extra partial dumping into a second basket is used to fi.ll the conveyor
buckets. The second basket is then dumped into the nearest empty
conveyor bucket.

The time require»1 L"o take ar empty push cart into the cooler, load

6 bushels and return to the :hucking room was I minute l5 -econds.

Total time. to dump all 6 bushels into e»spry conveyor buckets was
estimated at ID r»,in»tes.

The shucki»»g pro»e»lure  Fig" . 9� th uugh 97! f»~r a r igh? bande«

shucker starts when a clam is removed from the pile with the left hand,

2t is he 1 d f i rs»ly ?>«tween Lhe Lhumb and I i r st: 3 f ingers with the hi.;.ge
to the left and the s.iphon pointing away from the,hucker and sl ig!',t ly
up  Fig. 90! . The knife is insert ed I»»t under the top she11» hal f
between the shell and the siphon. A clockwise cut is made just un;ler
the shell edge and over the full perimeter of the top shell ex,.ept
thro»gh the hinge  Fig�. 9l ! . The top shell is pried of f  Fig, 92 ! a t:

the finish of. the cut and al.lowed to drop to the table. A second c»t

along the top edge of the bottom shel.l will. separate the shel I from 'h»:

meat and siphon l.Figs. 93 and 94! . As part of Lhe separati»n, t he
posterior adductor muscle, to the left of the base of the siphon, mig»t
be tom using the Left thumb. The lower shell:i.s allowed to fa 1 1 to t.hu

table, the left hand still holding the meat and siphon. The body
portion of cl am i s supported in the palm of the hand  Fig. 95!, w» i le
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FIG. 88 Original paring knife  top! from which
the lower two clam shucking knives were
fashioned.

FIG. 89 Top: Shucking knife fashioned from Army messkit
knife. Middle: All stainless steel knife manu-
factured expressly ior c1am shucking. Bottom:
Knife of unknown origin.
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FIG. 90 Manual clam shucking: cutting top shell free.

>y

,y

 ,e;:,!

FIG. 91 Manual clam shucking: finishing first cut to free top shell.



FIG. 92 Manual clam shucking: prying top shell off.

FIG. 93 ManuaI clam shucking: starting second cut.
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FTG. 94 ;.-",anual clam shucking: end of cut used to free bottom shell.

T'TC. 9.j A~anal clam shucking: positioning Xor removing siphon.
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FIG. 96 Manual clam shucking: removing siphon.

FlG. 97 Manual clam shucking; removing skin from meat.
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Sll >ckxxig x a:e=:. vere observed acid rc< c». ded in sevex-a.'. pl.anLs,

HeaSured quanti t. ie: > no Lx>dcd thC X>E>ml>  r Of ci <>m::; por IT>i,n ! tC> ax>cl I><»>I:d-:

the thumb and first two fingers hol.d the base of the siphon. The

siphon is severed  Fig. 96! at a point about 3/8 inch from its inner
end. This is done with the shucking knife cutting against the right

thumb. The da kcr skin ox.' oi>ter me>i bx'ane  F>g. 97! is r I>T>ov:.d af! ei

cutting of f thea s«'.phon and dx'opped to t»e t;>;>le ' i«lx Lhe site . I s. Th<.

clam meat is place,d in the 2 quart shucking pan and another live clam

tetr'ieved froia !lie pi le. klhen a number of. she! 1s accumulated on the

! ab 1 e, sl' U<k xn" was st opped GTT� «he sl>e i I 8 p>>BI%ed of t t l>e tal'>1  ; «' Eig<=-

xnto she11 collect ron cans or was pushed 1'I>to '!nclxi>ed chutes 1.. sding

to a Shel l. reiaova1 <IE»>veyor.

Coxrect and complete removal of the skin covering the siphon is

iit>pox tant because dux ing frying any xemainixtg skin drops Of f ancl

 xppeax s as a st >" xng i.n f.'.he pi"oduct ~ Cc>t>xp- e 1- x x >>T>oval 0f tl>I= sklIT 1 s

facilitated by n<>t cut ting thxough the skin when removing t h» - .i!>I>0 i

during shucking. If the skin is not cut it can be peeled off cleanly.

A properly shucked clam forms a continuous ring. A ring is a morc

appealing product when frie d Lhsn the !.ong stiingy shape result;ixig from

improperly shucked clams. Fig. 98 shows various sizes of propexly

shucked, rinsed clam meats.

Normally, all int<,.mal clam oxga>is are included in the meat.

110wevex, t:here .. One c> ception to this. At certain t imes of the yeax

a>id UT> lc! <'<'.x t st!'I c I>v> I > onixeis ta l. 0 >T>di !' i C>ns i Yi Ll'IP. HBV Go f t Sli e1 I <'.':. am  s

Iic x xai >,.at<> a re l p ' gi'>E'Ix L wlii Cli> is x>0L l>ax I>f E>l t 0 pei so!is Iaaf:: ng ! h»

01B>!is. Ilowev!"..>, i he I"ed E.0lo>.  Supe  '>='! 0 ' ! II I he pr"c>C' ?SSE  I pX I  � ui? L gi> "CIS

tlie x>ppe arax>c e Of a bl! OOdy prod!>ct and ca>II  's total. reje 'i: ln>> l!y the

consumer  Beaver, 1964! . l,ear �958! show;:-.d Lhi s p;; «men!-. coxicer! t x steel

in the  I>' geatiVe glandS Of the SOf t Sliel I CIa>i>, ThuS, SOme < I am

process>'..>x" s remove t.he diges tive g>' ands dux i ng pi-ocess ing, Tli i s is
II «'>,, «>tP r> I ~a poD«>-' n ' tl>P, .. I  xsi. Some pl BI! t s >><' -" ' >I> I-'-~rve<  L'0 >0 > i 0,  io'Is

fox' a pot t:! Qn 0 I. belie i ! p T: 0 duct: as a Ci>S I <>TI < i' i>E» > E> i C<? ax> l a L Tio

add>. t XOii X 1 !'Ds !. !. 0 1 lie Cua .Oaiex, S.IUOIE 'ra WI<'I"  .'. pa - .d > hIS 8 >>TIIE? T 3 te

whe Lher pc>ppxilg Or n '! t eV "'i Lliough Ll>C >, x  I>>EI 'k inc > 8 t 0 and L Iic. yi  ~ I cl

were decreased whexi "popping" was done. Furthex informat ion on xed

 �Olox'a . >Qix Df   I s TIR can be found In 800<>, 191 2! . nd F>  av : r   > <!ex«j



FIG. 98 Freshly shucked and rinsed
clam meats of varies sizes.
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per hour. The number of clams shucked per minute was determined by

measuring the ti me to shuck a known number of clams, usually 20. A11

measurements were oI continuous shucking. Table 30 summarizes the

rates.

TABLE 30, 08!ERVED N' IKER1CAL RATE OF SHL-'EKING 8>' TEN SHIIOI'EI«S

kIORKING CONT1 NII ION<> LV 1 itP OlIUI IOUT THE I EI'. 1 ID OF OHSER>VAT I, UN

Tots 1. 01ams

N!>,  . 1 af>is su 1! 'ke<I< i. 1 i>>e

I;Iin:sc c:

time,
min.

'I'  r I-;! 1

cia!Iis
p!

I'I> r I I u <. eShucker

?5/2;42
20/2;57
20/2: .'37
20/?:16

20/3:13
20/7.'43
?0/?:32
?0/I:52
20/2:07
20/2:15

20/?:04
160 18.23 8.77

0.93 9

?.0/?: >07F6K

100

A- er;-I>c 8

An aVPI. ag!! s1'I!!ok> ng I a ':!'. Of 8, 3 1 C I O'IS p ': lc! I nu to w>1 ttl <I s I c!!l�a I:8

deviatic>CI of 1 I I  ', atr!: /1!;lr> .-:.eau I tir� frum tIIe abcv» '.<2 obServ<'t iOC!S Of

12 Shuck .rs, NO >!le..isu! e Of t. ne  Ii! a 1 =. tv ar!d i>ut i ty of the f i!i I.sh >dr

mC'atS w<<S avai. la<.;]<. ~

The Quan> 1 tv O f !seat 5 prO <uC-'-.'d pe!.:loi.i, i s Bnothc'>1': 1,>c-:as:.ir ' O,

shucking I"a t.e. Thc t ime inter vs�I '1- 'qui red f,l; a shi,li kr.-,r t-o

2 quart pan wa: det C rmined. Net dtrair>ed weight Of the meatS 1vaS

Obt ained either by direot. Obaerv<itii>n of the Scale leildi!lg oc by

conversion from thc. stlu :ker s pay xien t knOW I,U 8 t:hc pav!lien I. t <1 i c I> .r

paund of meatS, Tab I C. 31 pt ovic1es t!lie Irieaa! Ii  '.� I>rodu .t i in 1' < e; o f

several shuckers from several p'ants.

1K

2K

3K

4K

5K

1L

2L

3L

41.

5j

F8K

20/2:15
20/2:17

20/2:22
20/2:10
18/1:54
20/3:26
20/2:19
20/3101
20/2:09
20/2:05
20/2:09

20/2:"1
20/2:21
20/2:03
2 0/ 2: 0 .'>

13/1; 37
20/2: 40
20/?.I .09
20/2:30
30/3:42
20/3:49
20/2:49
20/2:32
20/2:03
20/2:09
20/2:14

20/2:24
20/2:26
20/2:08

2>0/2:35

58

60

60

60

48

60

60

60
60

60

6. 57 8,83

7.90 7.59

7,13 8.42

6.93 8,66

5.60 8.57

10.47 5.73

7.85 7.64

8.08 7.43

6.07 9,88

6. 35 9.45
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TABLE 3I, MEASURFD PRODUCTION RATES OF INDIVIDUAL CLAM SHUCKERS.
QUANTITY OF MEATS IS THE AMOUNT PLACED IN A STANDARD SHUCKING PAN

Meat Average
Time per weight per pan, Shucking Rate, Shucking Rate,

Shucker pan, hr lb. lb/hr lb/h"

7.741L

10. 50

10.763L

14. 75

5L 13.81

12.18lS

9,49

3S
10.49

4S
11.81

12, 76

6S 12.76

7S 12.05

BS 10.94

0.77

0.70

0,78

0.55

0.53

0.65

0. 50

0.47

0,58

0.47

0,42

0.38

0.48

0.42

0.48

0.55

0.43

0.38

0.55

0,62

0.52

0.53

0. 57

0.45

0.48

0.45

0.50

0.40

0. 28

0.52

0.43

0.25

0.57

0.47

0,35

6.09

5.63

5.66

5.89

5,89

6.29

5.37

5. 54.

5. 66

6.29

6.37

5.97

6. 54

6.37

6.06

6. 29

5.71

4.49

5.43

5. 65

5.31

5.71

6.00

5.89

6.00

5.86

5.57

5.14

4.00

5.71

5.66

3.00

5.71

4.77

4,43

7.91

8.04

7.26

10.71

11.11

9.68

10.74

11.79

9.76

13.38

15.17

15.71

13.63

15,17

1,2.63

11. 44

1.3. 28

I 1..82

9.87

9. 11

10.21

10.77

10. 52

13.09

12, 50

13.02

1 I. 14

12. 85

14.29

10.98

13.16

12.00

10.02

10.15

12,66
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TABLE 31. CONTINUED

Meat

Time per weight per pan,
Shucker pan, hr lb.

9S

9. 68

10. 53

14.29

6.00

6.11

5.43

0. 62

0.58

0,38

1 l.. 5010S

0. 55

0.78

5.06

6.00

20

7.69
Iis 8.45

9.030.62 9. 035,60F8K

8.830.60 5.30F6K

l.2. 528. 140.65 12.52S2

12.3512. 35

14.15

8.030. 65S6

S9 9.200. 65 14.15

S31 14.94 14. 940,65 9.71

Average !or a.ll:;huckers l.l..86
Standard Deviation o1 a11 ;.bucker-" 2.59

0.25

0.30

0.33

0.37

0.28

O.l3

6.00

5.71

5.71

5.71

5.71

2.48

Average
Shucking Rate, Shucking Rate,

Ib/hr 1b/hr

24. 00

19.03

17,30

].5,40

20. 39

19.08
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The last fo»r shuckers of Table 31 simultaneously shucked a

discrete two b»shels. Yield per bushel was 17.54 lbs. of meat.

A test was conducted to determine the effect of clam size on th~

sh~cking rate  clams per minute! and on production rate  lbs raeats per.

hour!, One bushel was sorted, starting from a full be. ket, by

separ.ating 100 large � 1/2 inches and aver! and 100 smalls � 1/4 to
2 1/2 inches! in separate baskets,  At this time the legal minimum

length was 2 1/4 inches,! All broken and cracked clams were discarded.

Net weight of each group was deter'mined to the nearest 1/4 pound. One.

.~hucker worked sreadi1y to shuck first the small group, then the 1.arge

group, The time and drained clam weight was recorded. Table 32

presents the results.

TABLE 32. CONPARAYIVE SHUCKING AND PRODUCTION RATES FOR TWO SIZES
OF CLANS.

Shucking
rate,

clams
Shucking Neat

time, weight,
min lb

Production

rate,

lb per hr

L tv»

Nc. Weight,
Clams lb

Clam

Shucker Size per min

5.6

8.14

1.4

2.2
sma 1 1 100

large 1CO

6.67

6.17
5,5

7.75
D4 15.0

16.2

7.08

11.69

1.4

2 1

8.43

9.27
5.5

8.0

small 100

large 100
D2 11.9

10.8

The. results i ndi cate that the shucking rate  clams per min. ! was

essentially the same for the two sizes but that production rate  lb per

hr! increased wi th the larger clams.

An estimate o.. the theoretical yield per bushel can be derived

from the above data. For the D4 test the size ratio for the total

container was 136 smalls co 100 1arge. Sine the 100 smalls weighed

5.5 lb, 136 smalls would weigh 7.48 1b and yie1d 1.90 lb meats.

Combining both sizes, the total weight for 236 clams would be
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0.74 bu/shucker/hr becoires 0. 59 bu/: hucker/!ir. A 1 t! tot! gl'-, t: he

7.48 + 7.75 = 15.23 pounds of shellstock yielding 1.9 + 2.2 = 4.1 1h

meats. A bushel containi.ng 56 pounds would yield

�6/15.23!�,1! = 15.1 pounds of meats. A theoretical 867 clams per

bushel is calculated.

For the D2 test and a different bushel supply, the ratio, f, smalls

to large was one to one. Extrapolated yield for' a 56 lb bushel is

�6/�.5 + 8,0!! �.4 + 2.1! = 16.9 lb meats per bushel. A theoreti-

cal 829 clams pe! bi;she!. is talc.! lated,

Tn p;;!ct i< e I;he yield per bushel wi 'I l be i: '.duced by the n<tt:..ber <! f

broken c 1am;-. not: ci'»~eked, small clams t1iat are de! iberately tl>rov n away

and any clams t:hat accidentally end up in the shell pile and are

discarded. By actual count one bushel contained 126 broken clams out

of 871 t;ot al or;-i hr<>ken rat e. of. 14/. 8mal': breaks in t:I;e shel.l near to

and parsi 1,el to the edge of the shel I wer e tt<:t r ounted as broken but

would s ti 1 1 hi rJder the shucking opera t i on,

An est:imate nf overall production rate is obtai ned from a plant

where 26 shu kers we'i e shucking at t hi r at» of 12 bushels per hoi!r or

0.46 bushels per shucker per hour.

Using the data from Table 32 and the calcul at ion given immediate-

ly below these tab!.es it is possible to calculaCe an average shucking

rate for sh!!ckers in terms of bushel. per. shuck<;-i per hour. For the

two 56 1b bt!she I s of clams Che! e:;as a y! «1<I of 15. I pi utids;:.t!d

16. 9 pounds of clam meats per bushel,.:. «spec t ivr ly. T!!i s ave rag<:-;s to

16. 0 lb meat:s per in!shel of clams. '1'ab I e. 3! gives an avt rag<-. sI'!<i<:k ing

raCe foi' I he shucker', t imed of 11 86 lb of meat per hour. Thi! efore,

an average sh«eke i-. i s shucking about   1], 86 1b/hr! �: 16. 0 I h/bu or

Q. 74 bushels of clans per hour per shucker. This rate is almost douhle

the actual output, �.46 bushels/shucker /hour! not. et! abov. f or a ! otal

plant having 26 ..-buckets. The difference in t.hase two values is <I«ue t.o

several factors, Fit st, the 0. 74 value does not include per;.<!«al t iisi:

 time to go to t' e restt ooiit, have a smoke, e Cc ! or fatig e t i sin   i ime

required <lite to humarts getting tired as they work for longer periods! .

Generally, industri,al allowances for fatigue and personal time are

about 20 percent of the total time. Using a 20X al:lowarice tlie
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Possible Problems D.,!ring Shuckin~

Several practices w«re observed that woul!d pot»ntially allow the

shucking operatior! to contribute to bacteria1. contamination of the
r!reats. She	.stock i.s placed in a pile i.n the center of the table at the

start of shucking. o maintain a cont! n!rorrs operation additional c1arns

are frcq!!ently added to the pi le thus p"v diag for the possibility of
some clams being on the table for the full day. In one instance a

shucker was observed to open a dead c1am., The smell alerted the

shucker and it was dis 'ard»d. Fluids dripping from the clam contami-

nated the table and the knife, neither of which were washed before the

r!ext clam was shuckrrd. On» shuck«r had a habit of hooking clams over a

finger of the hand .s»d to hold the cLew during sh!!cking, These meats

were dragged over the shell pile and table s!rr face during the process.

Some shuckers try to put too many m«ass i.nto the 2 quart pan. Many

then fall to the table and must b«put back into the pan. In addition

to corrtami nation possibilities, the shu' ker wasted time with the

additional step. Shuckers were obs»rved using cof fee cups for clam

meat re tent i on. Horne of the shuckers who overf i 'I1ed the pan carri ed

the pan up against their. apron to reduce. the chance for meats to fa11

off. In those plants using garbage cans for temporary tableside

storage of sno!rt arrd shells, the shucker often must gr'ab the can to

relocate i t nearer. the table, The closeness of. the shucking tables in

one plant prohibited moving the full sh«11 can between the two ends of

the table. The can was placed on the table, slid across it, then

dumped.

The shucking operation need not contribute to bacterial contami-

nation if properly xecuted. Placement of clams on the shucking rable

0.46 bu/shucker/hr and 0,59 bu/shucker/hr are still significantly

di.fferent, the d if'.eren.; e co! 1 d eas:i 1y be due to management and/or
employee practices in ore or more of the plants. Thus, an average

shucker wi11 normal.ly shuck between 0,50 and 0.60 bu/hr of soft she11
clams wh«n the rate is calculated over a daily or longer timr period.

Where in this range a total plant will Fall will depend on experience,

management expertis'.-, and shucker attitude.
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should be done only after a receiving space is cleared. The basket

should be kept from contacting the table. Perhaps twice a day when thr
shellstock pile is low the shucker should ret»< n, after dum<pir!g .<»; ts,
with a pan of water containing disinf<<c! ar t lo wash the knife -<>d rin' u
the table surface. The freshly shucked meat should move di< ectly to

the pan.. One method observed to stop ovc:< f il ling of the pans was to

pl.ace an upper l imi t on the dol 1ar amount to be paid per pan, The:
amount of time req»fred to transport the full sh»cking pan to the

packing room and ret»T n was usually ;.~ne s!inure, longer if persona].

1 tales were attend<ed to,

Packing

The pack!.!g process include - receiving fr.- sl! ly shucked m..-a. s rom

the shucker., washing of the meats, and placeman»t of the meats ! n one of

s< veral contain< rs. One man usually operates the packing process for

Add 1 t < o!!u 1 1<el p was nec''<ed foIup to approxima tel y 25 shucker s .

greater. than 30 sh!!ckor s,

Weighing

Onct a Hl».<»1'u', *:! 2s fi1 le<1 <is s<!<<c.' !ng pan wi t1! <<<.8< s, h<' '.''s= !

to the pa< cl<. -'!! g re<,<l<, H<:.r<.! i t is d'u:!p<.'<, onto a sk 1<<m!i r<g tel; <' !'o

drain off any excess li oui d, Fig. 99, A skimmin' table cons ist: of

flat sur face co<'<t air< i ng hol es recessed i nto the top of tab le, 4Jh<. «

clam meats are placed or> the table <hey; xe retained whi le tl!e 1 i,,«;' -<1

drains of f . Some skimming tables have aspray nozzle s<<sp<o<l:. d ov,

them, Fig. 99, to make it easier to wash the clams.

Once on the ski<m<!'<ing 1 .bl.e, th» clam meats wi 1.1 undergo one of t!vo

processes, If the blowing operat ion is t o be used later, the meats ar<

allowed to drain very brie fly, then are pushed with a rec tangu;.a<r

stainless steel scraper into a weighing container for. determination of

net weight. If the blowing process is not used, the meats on the

receiving � skimming table are rinsed with a water spray while b<!1ng

manually agitated. After draining, the: e a!outs are pushed into the
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FIG. 99 Receiving-skimming table and spray washer.

FIG. 100 El evated blowing tank with gravity discharge
port and packer-skimmer table. Right end is
similar to that of the receiving table.
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BI owi ng

The more !,sua 1 method of ': 1eanir>g;.E<>at,. i,s ' l!rough hl owi >!g,

Blowing i.s usu;!11y dor>e in a cyli.idrica! tank wi =; h a conical bo>. t <a! an<1

no top. A sc»! r <;e of corapres sec! a i r i s p ipe<E-;'.r, at. the bot ton! of - l!<:

tank r>d is d! s t E'i<'n!feei w ..h' r'! tl e ', a!;k th'i: <!>!;-El> ."..<-."ve',. 81 p:! i!e!' c<!!E = i.!!!"'

ing sma11 down:iard !!penir!g ho1<is, Al!ov<! r hi a > =-' mar>i.f old sy =.'. em!

screen to support tl!c meal s. A c c! J. <1 wist :-r l.; r! <;=.,i lip! «ach».-:s th!! ta!! k

from above, but stor!s just above ! h» 1 rip --.c! i!. o> the ank to < 1 ' "l! iai e

the chance for haclc s i phor,:ing. 4 va 1ve on thF< very bot 1 om of tl>e ta>>k

permits draining of all licluid contents. .io!;;ie blow;ingi tanks hi>ve a

5 ir>ch por t in >..h» s E. de 0 f the ':.ank lu!:.: r .',Ehov!. ac'! ' es>r! i eve 1, I:h!' o!ig!!

Whzoh bOth»!ea'C S an<:! Trclu>.da Can f 1.ow o!! t c!f tl!.!e r ank u!>der the fOr !e

of gravity.

weighing container. The weighing container is then manually trans-
fer red tn the scale t!y the packir!g rooir w<!>.-ker,

Net weight for each separate 2 cluart pan of meats is deter><iinsd to

establish shucker compensatio>>. >~he>1 scale ! cadi>~g is in po>!nds, a

chart is consulted to find the cvrrespc!>1<l ir!g -,!ay!»en'  at 35 cents per

pound in l975!. If a supermarke  type sca!.! is u:ed, the total. do1lar

paL'>><1'!1 t > 6 r eai'1 d > r'< c ';. i y;-, r o!!! L >e apii> op z ! ~=' > i c «ii t 5 !'ii-'!' p!!!!n i ! o 1!!s i! c!i .'

the scale. Tl>e shi!ck E',<1» pavment '.' s recoi <le<! <!r.; a ta11y she<'.t i>i>cle> ! f>e

shoe i<or s as'='-! g'<Ee<l >E>!C<>1!c?r a!! c1 ve'6 ha 1. lv Fi >!is!i!.':!!! ca!. c c1 to;.he iiiiickc !' s,

many of whom a1so, racer<! it:. Of tl><;�!!i!r,' v l s: ted, nor>c- had

we >gh 1 ng arran 'es!en such that the !:"i>c>ck<<r .:!!><1 d <jc" t e r>r >r> <~ aca1 e

readi ngs o! '! 1!~".:.e>!! set t ing <! f the ..'c . ': s wi th= a!E en<=!pty cc!!! ta =!!er.

A f ter we l.gh .! ig. >0<!a! s RY e di im! !eci '.!!;!. <.';i> 3  i<! I ! o!! 1!At 1 Fi!' a «' :<m>c> 1 ia

t1on, Vlake<1 ice r."ighi be added to tl!u i!o!. to;.educe <E<E;pc!r; ture. The

pot is adjacent to the scale and usual ly nu  covers d. F>>rt1>e!- c1eaiiing

of the r>!eats is done in either. of twi': ';iys, Thi. 1<''Es  !>sed mer 1!od wias

to accum»late about 0 gallot!s of meats, dump them on the r eceiving-

skimming table «nd wash them a second t i;>e wi th a water spray and

manual af i tat >o!. 0;E<~ reason give>! foir wa. 1>ingi !.hc mu;its in rl>F ma!Ener

described was to r.'.- di<!ce >he effect of re<1. c;olorati on  <1iscusse<l a1!<!ve!

that Waa [!E.eel?!'. i: a! l 1>e >. 1!1>e .
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The blowing operation begins by filling the tank with water. Two

of the 5 gallon pots of meats are dumped into the tank, the excess

water flowing out of the tank and into a drain. Several shovels of

flake ice may be added. Air fIow is started and maintained for a
variable period of time, depending on the plant. Sometimes Lhe clams

are manually agitated with a paddle during blowing. Water is added to

the point of overflow, then compressed air is turned on for a short
period Floating organics and foam are thus removed. Some meats wash
over the side and are. either wasted or present a contamination poten-

tial as they are placed back in the batch, even though rinsed first.
Blowing affects the meats through water absorption, sand and

shel] removal as well as bacteriolog1caIly. Ward  l969a! found that

water absorption increased with increasing blowing time and with lower

clam/water volume ratios, Shell removal progressed t.o the 90-95/ level

after 10 minutes of. blowing, but longer blowing times removed very

little additional shell. The higher clam/water ratios inhibited shell

removal. Reduction of sand content by blowing was a maximum of 20/ in

20 minutes with little likelihood of addi.tional sand removaI due to its

internal location.

Bacterial levels of commercially bl.own and spray washed meats

were established  Ward, 1969b!. Washing was more effective than

blowing in reduction of total bacterial level. Neither spray washing

nor blowing was consistently effective in reducing total coliform or

fecal coliform numbers. Sanitation factors were thought to be a reason

for the lack of effectiveness of the blowing process on bacterial

reduction.

Pilot plant. studies were conducted  Ward, 1969c! to measure the

effect on the bacterial levels of blowing water that was: sterile,

inoculated, chlorinated, reused or refrigerated. C1ams blown in

sterile water were always lower in bacterial levels than unblown clams,

Inoculation of blowing water increased the level of bacteria over that

for clams blown in steri1e. water. Chlorinated water showed no effect

for blowing times of 3 minutes or less, but did reduce bacteria numbers

with longer blowing times. Reuse of the blowing water increased the

plate count levels, but decreased total coLiform and fecal coliform

levels, 1Jse nf refrigerated blowing water resulted in bacterial levels

slightly l.ess than ..or room temperature tests.
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From the blowing tank the meats are transferred to the packer-

skimmer table. When the blowing tank is situated at floor !evel the

meats must be bailed out by bucket down to the last. inch, then the

bottom screetx is 1 i f.tcr,l o xt and ti!e !,"s!'!'!a inde r <; f I;he meats ar«! sc!«Qp" <1

-.»!r	! s we! e « d 1«a< er! t I o ""!»d p r!vs t »! I ->! < v'"

 Fig. 100!. A 5 ! r!cl-: p<!x.t xn i h~~ »;! de of !'r!e : '-ar!k

of. f . Most: b 1, o!" i. ng

packer-skimmer !'able

permits gray<.ty 1.1 '!w of !seats and wa:. er from tar!l! t<! the puck; x -;.kis!!!!e!.

table.

0 a n F i I I i. r! p

packing r oom througin!u . <x!ost of' sl""«k ', r! ft pe r i.o<1 ». Hors e i ce wa.s

placed on top of I he caus on t !e top I.eyer s.

Meats on the pa; ker-sl! Ir!!!!<!!r tab!,e areal. lowed to rlx ai,;! I !-i of I! y,

L!sually wl!! lc c»!ns a! <x !!exn<» pre?<!ar«'<'1,;!<:.'»!!.s '::-! <-,; .!'nfc«rx<!BI I<! xnspected

and obvious larg<. she1 I frassxe!ats mi f>ht b!:  !<annal ly *,,eked ou<, Empty

gallon cans or 5 gal ion I?<, s are plac<!!  u;:Ier t h<: d scharge cfn! t e and

meats are scrape!I into the cont sine>: . I f over-- f i! led meats are

manually take!! f!-oa! the can; ! n<.'; x et:!xr ned to t1!»! t:able supply. The

usual bat el! i s I 0 to 1 2 gal 1 on s . Any part.ic I;-.!:: o C ice st i I, lin the

meats also go i.nto the can. The I ast !! eats of a hatch will on1y partly

fill a can, wl",.ch i.."I!en I r..f't on t: he taI!'=:» r,o 1!e topped off as the

first gallon of the next batch. Al ter a11 have beet! C?11erl, the snap

p:.!aced ox; i.he '- '.! I I o!! ca!.!  !; I <  !;i<': I !  . .!   Ix ! !d!s pl » ~ .«<] <!i< 1.!!<

five gal ion pots, Eau s a! e co«le<1 !. ! I »1"-at.;!«y:;� <n! t an«1 «Ia t < and

further ide!-tit<i; d x~itl! the px-<?duct speci<<a, A g;!11 !n of seats i..:

defined as 8 ..! lb.

Haxxdlrr!g !x!e! the«1»s fox' fu! 1 g»xl1 0!!  .an,: v!! r ' o<» <.on»8 !derabl v, ln» Q!!e

plant. the pxoced"<re w! t! to place a I '<yer of' i «' ix! a 1?!:she1 bask :  ', '!!e",.

four cans in the bask e t, dr»xg the»!t! sk.e I: < r! to the cool  :? t ! tl! a!!»» dd "."!!or<.'

! ce o!'! tel! . Or, H!P  xaxxs f ro!»! o!!e ba.'. c!!  !!.! PI t b.' -,, 1 ace�«l <:!.' ! !««oal I

push-cart - or. tran st»or t to the cooler, t,i-,;! pine; d on s 1 a< t s i r; t he

cooler. In '<notl',er pie!nt up to 90 gal ion~ wr.::<.�: a<: .;!xr!!!lated,.r~:»! larger

push truck wi t hir! tl!e packing ro«!m, '! I'! <xs<;. c 1 ams romaine«l i!! -=' he
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Potential Packi~n~ Room Problems

Much potential for cont.araination occurs during the packing opera-
tiorr. The blowing t:ank i.s rinsed while mear.s are on the packer-skimmer

tabLe, allor~~ing splash water to contact. the meats, Unfilled and open

gallon cans sit upright on the filling table subject to splash from
rinsing operatiorrs. Lids for the gallon cans were knocked to the floor
then used directly Lo close cans. The water hose used periodically to

rinse the floor was dragged across the pack,ing table, the same surface

used to store lids prior to sealing. Portions of clam meats were

observed to be pinched between the lid and the can during sealir!g,

leaving a portion of the meat outside of the can.

Ice is macular.tore« overhead and falls into a floor level bin

within the ice roosr, It is used on a last � in.-first � out basis with the

result ti~at much of the ice might be in open storage or against the

floor for long periods of t:ime, subject to contamination. The ice used

in direct contact wit?r the meats  '5 gallon pot. and blowing tank! wi]l

possibly be transported in a whee]barrow incapable of being sterilized

or with a scoop shovel used at other ti.mes to shovel clams frorrr the

floor.

An ice supply less subject to risk of contamination may be

achieved as ollows. Locate a hopper, of srrfficient size to contain

the ice rerlui cement s for aborrt '2/3 of a day ' s operation, within a

refrigerated room adjacent to the packing room. Allow ice to fall

directly into the i upper from the ice making rnachine. Ice overflow

from the hopper cou] d fal l directly onto the floor of the refrigerated

room. Ice in the lropper would be sub jec C to much less risk of

contamination, especially sirree it shorrld receive nearly a co~piete

daily clean out, P: oviding access to the ice in the hopper through a

waist level door lccated in the packing room near the points of ice

usage would provide convenience and reduce the tendency to use the

wrong shovel  e,g., one from the shellstock area! to secure ice.

Overflow ice falling to the cold room floor cou]d be rrsed to ice sealed

containers of meats as is presently done.

Splash contamirration of empty cans could be sigr>ificantly redrrce«

by constructing a rack above the packing table to st.ore empty gallon



cans in an upside down position. Thus, the cans are wi thin easy reach
of an i.ndiv-'duaI worlcing iiext - o thc. pack<>r--sl<ism !e!' table and -i'e less>

subject to spray water contamination. 1.!.ds sho»ld be stored next to

the cans in a racl< having a s>hiel r'l b ? t wc  t  =' hr". 1 i d,' an<i any source of

spray water from the direction of tlic. blowi.ng tank.

htas t:e Eemciva1 from .",!h» :k i.r g plant

The wast . i!roclucts of tlie sl!uck; ng "perati !;! ar» shel. l s, <.' l.a  

si phon, s i phon sl  i'!'! Bncl l i <luicls. Th>';.hei 1 s, sl< in and si pl!on,=r»

dropped to the table in front: of the s! > c!cec. '!'hc! pi le 's pcs ioclic»l 'ly

pushed from th» table i. !to a garbage cat! c!r busliel baslcet.;".tn !ckers

handl e tlie. c co;! t;! iners the',>  . o!nt. iinu ? shuclc inl'.;. One other me thod of

shell remova' is l o pl ace a l ong i t i!;li;! el  ! onvey<!r 1!n rer each row of

tables. An incl ined sheet metal sl i.cl r> conncict:s tlie conveyor ! 0 jus

outside the edge of the table. Shel 1 s then orop  '!n the sl ide or the

edge of the table ancl from the latter are eas '.ly pusl'ed ~ nto the sl' de.

Some dr f f acuity was> en .o«nt ?red .! n get<:! ng th ? wras re nrouucts to sl!de

properly. Solid wastes are moved f rois the.. pl a!'! t by, onvPyor and  0'r

wheelbarrow to a clump truclc arid, at t:er a shu< king ru!.!, are h;!!!!lecl l o a

hog farm on a give-a! » iy bas'rs,

!'>!.' s!! >! . l< 1 n<' c>i!P ra t: '!  ! n ', f r 0!7!'r II>rgu!d Wa!! i;>: -' " 'i> gene! a' i>ri

5!  '!! cl!!  g r!!' So f '.  : 1 r!mi .'-

The sa fe s t o!: el>".' p ? r!.c!d. tor sh ! : k ? d c I a!'!1 s!c! >3 t 5 ! s:,. ! m- t e<! . 'c i!r

example, Rosen f1966! ieoorted on the incr'->ass in Pc=.di ty tlia!: Pc'zi r!

during col d stoi.age oif cl.am!r eats, Shi!ck ?<l fr :-s h m !at rs ari.. i! t il i p;> d

drBI » 1 !g Ka sh !  !g a!! <  bi or>w! 1!g cia !.lie.:1 <? at s ',:: T  i !! !>v isl!!!  g> o! r. he bu sl1e1

baal<et s> > froG! '! c'i H! ?! t ! !1 ! hi" c !ol '.!; «r cl ! rci'! i> i ant.  "1  aiu!i!. planr.'s

s i tuat ed 0!'! an <?stuary usus, l y d: s 'liar!>e t h ? s><> i !  l»! cl'> d! r ?Ct 1 y;- ntci

the water af teI passing th!-ough a ~0 mi sh  -:c r<! i!! ac!d a cl!1 ir! c!";t-:. on

process, Inland plant s '!f t:er sc!-c?coin!;;!nd «hl !!: inst.i ;n !-1!n t:I.! '! wa,. tes

directlv into;!  lr;! i nag '. d i t ch o! i »=i o;! l ager !n  " »nate"rcr Pr! fo!: t« .

purl'!os .. Soir> ? l!l anrt s a r ? c rnnc!ct ert. t < l! r.! t 'y' »! v>e'" s >s t  !Cii>.J
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restaurants where they are deep fried just prior to use. Meats are

also breaded, fried, frozen and packaged in individual servings. This

considerably increases storage life and cooking convenience at the
point of usc. Following is a brief description of the equipment and
process used in the breading and freezing operation, Fig. 83 shows the

operations process chart for this process.

Freshly shucked meats arrived at the plant in 5 gallon plastic or
0

stainless steel pots. The pots were refrigerated at 3S F to be

processed within 24 hours. Checks were made for net weight per gallon,
drained weight per gallon, count per gallon  both whole and pieces! and
the number of oversize clams. Quality checks were made for shell

fragments, sand, temperature and odor. Clams containing red colora-
tion were washed to reduce the possibility of a red stain in the

breading.

A pot of meats, without being drained, was dumped into a plastic
tray called a lug. A batter of flour and water was added and mixed by
hand, Rreading was added in a rotating drum. The drum, constructed of

stainless steel, was about 20 inches in diameter and 60 inches long.

The breading material was fed mechanically to the drum at a constant

rate with approximately 100 pounds of breading in the drum at any one

time. A lug of bat:ered meats was dumped on an elevated table adjacent

to the input end of the breading drum and manually fed into the drum by

an operator standing on an elevated platform.

The breaded meats discharged from the drum fell onto a small

elevating conveyor over which was mounted a large padded wheel that

pressed on the material t.o aid in breaking up pieces containing two or

more pieces of meat. An operator was stationed at this conveyor to

manually stir the b~eaded product and further check for conglomerate

masses.

The inclined conveyor dropped the breaded product into the

culling device, or vibrating shaker, consisting of a flat stainless

plate perforated with approximately 1/2 inch holes and slightly

inclined from the horizontal, Here excess breading was removed as well

as the small pieces of breaded meat not useful in the finished product.

The breading thus removed was further screened with a screen having

approximately 3/16 inch holes. Material passing over this screen,
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assumed to be small particles of meat c.oated with breading, were

consigned to waste. A doughball also dropped <>ff the screen to waste,

Particles of breading passing through the 3/16 inch screen were auto-

matically recyc1ed to the breading supp!1.y fo< r e!ise.

From the culling device, the brea!led clarss go to  he fryer. The

fryer was a one million BTU naturaI gas unit ma»n»ta»'ning 100 gallons of
.osoybean cooking o» 1 held at 35i3 'F, Hetentioi» t imc for blancli n;, rri the

fryer was 10 seconds, 0<1 was added <iont »i»u<ni< ly for an est Imatedi oi1

turnover of ?? 'hours but was not c1is»g< d ',.', a ba  ch, The oi1 was

continuously passed tlirough a p- p;- r Ci.l.'.;erir»!~ nyet<i»», A drag conv yoi.

along the bottom scraped out small par1'icles fallirig through the screeii

that carried the prodiict. Extended retention of tl:cse small p<irtic1es

burned them producing n of f � flavoring in the pro.1uct.

From the fryer the proouct was tra»»spot t cd to th» free" cr oi» a

30 foot inclined conveyor. This served t<.' precoo'i l he »roduct and was

necessary to boost freezer capacity, The first 1/3 of the conveyor was

exposed while the final 2/3 was <-..overed with ductwork housing a

rpfr»gcratron ai»d forced ai.r systeir,'.

The product was Erozen»n a blast freezer . Four open saba.n1ess

s teel bel ts car i i ed the product bac1<;:in! for th t?»rough the fr coze<

twice. The product w, . dropped f rc!si tii< fir st ?»el t to t?ie secor»d bel

etc. »I» older to bi"erik up E'i.o ..ei; gi <!ups, l eriipei"at!,ii e was iA»»i.i»  ai n<»d
0at -40 F with an approximate wi»»d vi".1oc i ty <! f '»4 Et/sec and a tel.eri  iori

three channels, - ach feeding a w=ighi.ng un.',.t. The p 'odu ..t was <»a<.'!<aged

in single serving plastic bags having a nei w .ight of 4 to 6 oz.

time of 25 ia»niites.

Furtl»er vi?>ra? ory s<ireei»ing was iised after t1ie f» eeze» . This urii,t

cons lstpd of closely s.!aced»licl»i» -.d»  !ds Bs we11 as perfo» al ed plai,es

which allowed am*11. nieces to fa11 thriough. Smal l pieces that were

formerly thrown away are now p ckag<d «s a . nack. larger piei es l ef t

the freezer via an inc l»ned c<!nveyo' i:ower<is the. w<i ighi.,»g and baggi..»g

unit. Several <uiip'1<.yeas we» e ~os , -ti<»n:.'<'! a1<.ng th'. c<irivey<>r r'o sort out

small pie<es and break up groups of s<'.ver;i? piec~'.s that riri g1! t h=iv<' been

frozen together.

The conveyor load of frozen piece;.-. wa' mech!a!»ica1ly divided into
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Accurate estab1Is!!m=:nl of net weights was difficult due to the irregu-

lar shape of the produ .t and heavv weight of each piece reiat!ve to

package net weight. AI1 packages of finished product were manually
checked for over/under weight by plant personnel. The large number of

incorrectly filled packets were passed to another operator who opened

the package, corrected the weight then resealed it.

The f!nished frozen product went to the restaurant trade. This

market demands a whole single cia!s, One pouno of meats going into the

plant, with the aclditi.on of oil and breading will generate about

2 pounds of product plus some wastes, Obviously, this ratio varies

with the breadit!g u eri and market needs.

The breading «nd freezi!!g i»dust,.y processed mostly soft shell

cIam meats prior to Tropical Sto m Agnes in June  972. A shortage of.

soft clams occ!!rred and customers accepted strip c1ams as a substitute,

The str p clam is che !per than the soft clan'. but is not of the same

qua!i ty, The soft clam again ret !mad to the market but was not

purchased due to the exec.ssive px!ce differential over the strip clam.

Shell Size Ve",.sus Component We!ghts of Soft Clams

The relationshi,p between sheII Iength and the weight of the meat,

shel I halves and s iphon was established, G! oups of 100 clams originat-

ing from each of 5 harvest areas were refrigerated for two days before

processing, All clams u ed ! ere of legal size. � I/O inches minimum

length at the time! to be representative of those entering the commer-

cial market. Feder a!.d Paul. �974! conducted a similar study for clams

from Prince Wi1.liam Sou!!d, Alaska, They considered the full age

spectrum, incl,uding juveniles, of. a c.am pop; lation which matures much

less rapidly than t!!e clams of the Chesapeake Bay.

For each clam a determinat ior! of. 1.':ve weight and shell length was

made after shucking, The meat, shell halves and siphon were placed on

a perforated pl.ate to pe!nait drainage of. surface water. Weight of each

individual component was determined to the nearest Q.l gram, Total wet

solids weight of the clam was calculated by the numerical addition of

the weight of shell, meat and siphon  including also the skin!. The

difference between the live weight and the wet solids weight is the

weight of free water retained by the clam.
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Table 33 gives the mean and standard deviation by location and for

all locations taken together for. each cia!!! colnpo':!ent, In addi t ion tc

this analys is 1eas <. s ! nares I i l lear reg«r ,s s ion. equat iona  <fere   al  'uI a t-

ed for the following variables.'

1, shel!. I en«th versus Ii! ve ~<<i-'.:i.-.-ih:

2, shel I I<!!ig=,"I! ver slfs shel!  <!ei gh 

3, shPL I . e!'!gt!l Ve! sl.;s s 'f. pI'.<ifi we:l "I'l:,

shell ! en -'..h vef. s:,!s --,;.:eat w<-:i:,ht

5. she! 1 Iengf..h vi'll: huis s .!I.i !s we! gf!'. s

6. live we i ght ve ra fs !iel I w 'i gh t

7. liVe weight V !rsu�a ", ip!lon ':.> !:..;-::.:!lt

8. IiVe w...;-. gh t Ve" Sus me':lt w <i g!! t

9. liVe Meigh!. Ve Sus SOLi ds w<-'.! ~:.<lf

These regressiol!s w .re carried  :<ff !iy harve:. t ~ ocation to determine

dr f ferences due to locat!on, Tab! e I f shows tho s Ag!!xl scant dx < fe". -.

ences for both s'! apes and .intercepts of ! 1!e r!;-:gross ion I ines. VaI ues

with the same superscri.pt,<ith:in a s« t ar'': not s igni f I cantly di t ferent

from each other . Th ls, the s I cpe ' .or f!<e ! i ve rcg«' ess it>ns of she!1

length versus I ive we ' ght are not s igni,!.i cant ly di f ferent from c,fcl!,

ot hPr . The sigma ! s t! ue I or f:i'i  s!  !'<!e i< of:-,if-;-e! I I   tlg! h vcr sus sh<!! I

wei ght ai':d I rve we!.ght versus a '!I..;ds w.:-:r;>!it regressions, lr;!erc<ipt;-.

for all set s ah<i!<i s;igni t i cant d:: I.-' !re!n:: :s, I!»;s, the data from f.!.<e

f rve l o ".at. Loins c anno t lie coa!ii' f!ed ~

The tegress=-'on equal i >!is relet i fig sh< I I I ng! h with 1 ive weig! t

can be taken di rec  ly <.r rs Table 34, The rc<!x !ss:ofn equation f ' t ='th<-

Shaw Bay  Ia a ca!! be wr".itt.en a».'

shel! Length I!f inch -s = � 6?,? '. '5.9  ! i «» «Pi ghf. i!i '=,rams I

Simi I arly, P !c«:ft.i ons! c.an !!e wr i. t tei!; oi. f!!e  ! i h 'r !ocat i ons <'i-=.di c! am

body components by 'aki ng the 'lppf op- iate s1. !p ' and ' nt erne!<t fro!fl

Table 34. F.'xa",!;I!! e;--.'! ots of tbe S'i! aiw I'<ay data are,<>ho«<n  n Af! pico I <.x T.',,
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TABLE 34. SIOPES, INTERCEPTS AND CORRELATION COEFFICIENTS FOR LINES
RELATING VARIOUS SOFT CLAM BODY COMPONENTS AND/OR SHELL LENGTH. SHELL
LENGTH IS IN INCHES AND ALL WKIGHTS ARE IN GRAMS, RFGRESSIONS ARE

OF THE 10RM y = a ~ bx.

1ocat jon slopevariablevariable intercepts

 b!  a!

shel1 length 1 ive weight

shell length meat weight

0.89b 0.79
0.52 0.86

0.71 b 0.85
0.74 0.87

1.15 0,8l.

live weight

live weight meat ~eight

1

2 3
4 5

shell length shel.l weight 1

2 3
4 5

she11. length .-:iphon ~eight 1

2 3
4 5

1

2 3
4

live weight shell weight 1
2
3

4
5-

siphon weight 1

2 3
4 5

1

2 3 5

35 9

3
33. '3

37.0

4.I.2

9 0
9.,'

9,]

9.5

l0.9

ab

a
3.4

l1.7
l '3. 7.

9.5

10.8
4'

,ab

0,23

0.2/
ab

V,23

0.??

0.i2

O,i2

0.10

0.14
0.12

0.32

0.34

0.28
0.27'

0.31

-62. 7

� 70.7
a

� 56. 6

-65.3
a

� 7'5.0

�.I 5. 6
a

� 17.0
b

� 15.0

-16.6

-20.2

ab

-8.6

-5,2
C

a
-9.9

b
� 7.4

-21,6
a
a

� 26.1

-16,7
b

-? 0,?
b

� 29,3

0. 52

1.39b '
0.58

1.01

] .68

-0. 93

� 0.83

-0.46

� 0 56

-1.13

0.86

0.85

0.89

0,86

0,81

o,84

0.84

0.86

0.87

0.85

0.74

0.77

0.77

0,82

0.65

0.78

0.77

0.80

0.82

0.76

0.93
0 n0

0.95

0.92

0.89

0.90

0.88

0.88

0.89

0,84
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TABI.E 34. CORTTRJED

variable location slope intercepts R
 b!  a!

variable

44 8abc
-51.8

-36,8

-46.6

-56.7

25.4

28.2

22.0

25.8b
30.0

0.85

0.85

0.86

0.88

0.83

shell length solids weight 1
2

3

4 5

0.48 0.94

1.08 0.94

0.83 0.94

0.60 0.94

1.71 0.92

0.68

0.69

0,65

0,64

0,65

solids weight 1

2 3
4 5

live weight

location

location

location

location

location

I is Shaw Bay
2 is Marshy Point
3 is Beverly Beach
4 is Saunders Point

5 is Middle Ground

Regressions relating the variables noted in Table 34 were also

developed using a logarithmic value of the Y variable. Only in a few

instances did this improve the fit of the regression curve to the data,

and then only a minor amount. Thus, there was no justification and/or

advantage in ~sing a semilogarithmic plot.

The average percentage of live weight made up of the various parts

of the clam can also be calculated. Table 35 shows the result of

calculating these percentages from the data shown in Table 33. Meat

weight, that part of the clam used for human consumption, comprises

only about 25 to 32 percent of the total clam. Thus, a well � drained

56 pound bushel of clams will yield about 14 to 18 pounds of meat.

Free water which is lost upon shucking makes up approximately

30 percent of the 1ive weight. The siphon accounts for about 12 to

15 percent of the 1ive weight. Although the siphon is edible it is

presentl.y discarded because of its tough texture, Developing products

which utilize the clam siphon may be a profitable investment for the

industry. Shell weight makes up the remaining 25 to 29 perce~t of the
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live weight. Shells are presently discarded, but it is also possible

that these could be utilized in some manner to bring a return to the

processing plant.

TABLE 35. PERCENT OF LIVE WEIGHT MADE UP BY VARIOUS PARTS OF THE
SOFT-SHELL CLAM BY HARVEST LOCATION. PERCENTAGE CALCULATIONS WERE

BASED ON THE MEAN VALUES SHOWN IÃ TABI.E 36.

Test Date and Harvest Location

shell weight 25.4 26.8 25.8 26,626.9 29.0

siphon weight I.4,9
 including skin!

13.5 12.6 14. 2 13.9 13.8

32.18[9 7 26. 3 25.8

72.5 67.6 66.570.0

30.0 27.5 32.4 33,5

The percent solids weight may be slightly different than the sum of
the percent shell weight, siphon weight and meat weight due to rounding
of numbers used in calculating each percentage.

3/13/75 5/28/75
Shaw Marshy

Component Bay Point

meat weight

solids weight

free water

6/19/75 6/26/75 8/6/75 Ajl
Beverly Saunders Middle locations

Beach Point Ground together

29.0 28.7

68.7 69.1

31.3 30.9
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VII. COCCI,USIONS

l. If clams are harvested above acceptable bacterial limits,

this leve will not be reduced in the fresh meats wi,th normal

processing. Nonnormal pracessing might include the use of

chlorine in the blowing tank. Thermal processing after

shucking will also affect bacterial levels.

2. Observation of shucking plants revealed no single praduction

practice as being the cause of high bacterial levels in the

fresh mea's. However, there were many unsanitary practices

and poor management functions all of which could add to the

bacterial. levels or be extremely serious should a more lethal

organism be present at the time of the sanitation infraction.

Some of the paar practices observed included:

a. Clams harvested in used baskets which were not cleaned.

b. Clams transported in an unreZrigerated truck covered with

an. unc.lean tarpaulin.

c. Baskets of clams separated by and coming in contact with

wooden racks or sticks. During storage, the dripping of

fluids from one basket to the one below it.

d. Improper refrigeratian temperatures.

e. Fail.use to shuck all of the clams in a pile prior to

adding additional clams ta the pile.

f. Overfilling of shucking pans to the paints where meats

fell off and were then returned to the pan.

g. Smoking by the shuckers while shucking.

h. Unclean utensils.

i. Precnoling of meats with ice previously in contact with a

concrete flaor.

j. Use of this same ice during blowing.

k. Use of an ice shovel that was previously used to shovel

spi1 led shell stock.

1. Use of a standard steel wheelbarrow to transport ice

later used in the blowing operation.
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m, Splashing of rinse water on clam meats prior to packing.
n, Contamination of lids and cans by splash water and hy

falling to the floor.

Temporary but relatively long term storage of canned

meats in the packing room prior to placement in iced

storage.

3. Soft shel1 cIams are generally sold either as fresh in the

shell, fresh shucked or breaded and frozen.

4. An averag» soft clam shucker will shuck betwe~ n 0.5 and

0,6 bushels/hour when measured over a full day or longer tim<

period.

5, Figure:* 82 and 83 give an operations � process chart for the

Maryland soft shell clam industry.

6. Typically, walk-in refrigerated facilities in the Maryland

soft shelI clam industry will cool bushel baskets of clas>s
o 0

from 80 F to 50 F in 10 to 14 hours.

7. It apl?eaiLs szgnj, f Ecallt   I ~ s. >t1 nnn baskeL! quantl t Les of soft

clams ar~ being damaged 'by cracking or breaking prior to

shucking lh/ s app 'ar s to be a s ! gnt f z ant econom! t. loss

8. The shading of full basket.s of cIams on board harves ting boats

significantly lowers clam tempera, ure on hot, sunny days.

9, The sof t c].am dredge app ';.-.x s t.o havr' been developed by a tri a1

and ertor process. Thus, a detailed engineer'ng study of

dredge design may result in significant energy savings and

reduction in operating costs.

l0. Significant improvements cculd be made in the transportation

of soft shell clams which should improve clam quality.
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11. Relationships between soft clam shell length and 1! weight of
the clam meat, 2! weight of clam siphon and 3! total clam wet

Similar relationshipssolids weights were developed.

relating live clam weight to these three values were also

developed. The regression relationships are shown in

Table 34.

12. A well-drained 56 pound bushel of soft clams generally yields

14 to 18 pounds of usable meats.
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APPENDIX A

Plate Count, Total Coliform Counts and Fecal Coliform Counts
as a Function of Time After the Soft-Shell Clams were Placed
in a Constant Air Temperature Environmental Chamber,

Appendix A-1
Appendix A-2
Appendix A-3
Appendix A-4

Spring 1973
� Winter 1974-74

Summer 1974

� Winter 1974 � 75
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Appendix A-1

Spring l973

Plate Counts at

40, 50, 60, 70, 80, 90 F

Total Coliform Counts at

40, 50, 60, 70, 80, 90 F
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Winter l973-74

Plate Counts at
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Appendix A-3

Sunme r 1974

Plate Counts at

40, 50, 60, 70 F

Total Coliform Counts at
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Fecal Coliform Counts at
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Appendix A-4

',fainter 1974-75

Plate Counts at

40, 50, 60, 70 F

Total Col.i form Counts at

40, 50, 60, 70 F

Fecal Coli form Counts at

40, 50, 60, 70 F
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DATA � 1975 Ol-BOALLL] 0 !OEING STUDIES - PLA'TE COU'~  X ]000!, BACTERIA/'-'~d>

HSKT TE ST L~1.'! ]RE F~
I

HOUR 'AO. 1 2 3 4 5 6 7 8 9

X 1065.0

935.0 4]].0

l.32. 0

95.0
468,0 140.0 2320.0
273,0 78 0 ]9],O.O

L 298.0 520.0 X
420.0 61.0 2L200.

'! 31.0

2132,0

1.].2.0

1.00. 5

34.0 1170.0

44.5 L160.0

X 4480,0

I?68.0 2780.0
3 278.0 850,0

1290.0 242.3

379.0

304.0

104. 5

268.0
122.5 1630.0

101.0 2400.0
302.0

277.0
2 249.5 430,0 20120.

790.0 307,0 ] L040.

156. 0 1.260.0

47.0 1580.0

347.5 L�0.0

124.0 1.490.0

257.0

122.0
4 349.0 284 0 X

420.0 '322. ! 6L60.0

417.0

281,,0

1190.0

1037.0
323.!

231.5
1 81.0 790.0

306.5 86!.5

46!.0

217.0
630.0 1044,0 2800.0

230.0 96.5 2400.0
1132.0

828,0

315.0

40.0
3 227. '! 6 LO. 0

!94.0 432.5

374. 0

539.0

160,0

128.5

X 1490. 0

251.0 519.0
104.5 260.0 1320.0

81.0 57.0 1640.0

776.0

X

2 200.0 630,0

].43.0 550.0

281.0

480.0

70.0 7320.0

82.5 685.0
108.0

169.0

176.0

X

229.0

154.0

226.0

297.0

3600.0

1620.0

549,0

255.0
291.3

106.0

220.0

453,0

10.0

389, .>
X X

211.0
227, '!

552.0

932.0

2880. 0 X

X X

X

X

2 225. 0 252. 0

X 2220.0

322. 5

192. 0

131.. 5

550, 0

.80.0

X
4 2520,0 287,0

990.0 X 200.0

1 1440.0 640.0

309.0 X

238.0 2470,0

90.0 16l.0.0

45 !, 0

487.0

3 2840 3!8 0

274.0 LL4.0

492.0 168.0 2470.0 1540.0

585.5 257.0 1.610.0 1950.0

332.5 1540.0

288.0 2780.0

435.0

263.0

49

29.0 622.0 1540.0 3280.0 X 1800.0

108,0 1800.0 1950.0 1922.0 3430.0 2470.0

2 810.0 331.5

238.5 280.0

205! 0

123.5

58.0

244.5

4 57.0 253.5

2670,0 420.0

204.5 3280.0

206.5 1922.0

269.0

310.0

397.5 1700.0

253.5 1340.0

454. 0

275.0

4 890.0 X

570.0 140.0

i 2770.0 600,0

1760.0 ]04.0

3 L43,0 910.0

2340.0 680.0

326.0

1.90.0

504, 0

261.0

308.0 111.. 0

X 146.0

378.0 722.0

X 212.0

413.0

276.0

60!,5

266.,5

226.0

168.0

251.5

980.0

308.0

181�0

1610.0

1500.0

2520.0

1890.0

234.0

2450.0

41.2. 0

57 0

149.0

?89.5
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V SK1 ZESl Nr.,~<~r:;;.

!!O' R NO. 10 LL 12 13 14 15 16 17

L41,0

22. 5

350,0

133.0
81.5

85.0
3!  '. 0

147.0
62.0

15L.O
224. 5

84. 0
1 73.5

L91 .0

4.0

22.0

123.0

235.0

35.0

48,0
27.0 16.0

X 198.0

85.0 73.0

10.0 92.0

74. 0
75. 0

81.5

144.0

30,0

101.. 0

244. 0
34. 0

3 X

X

158.0

19. 5

172.5

107.0
19. 0

63. 0
99,5

37,0

2 7!.5

421,0

55,0
560.5

32.5
24,0

17.5
1.59. 0

210,5
37.5

33.5
57.0

188. 0

4 38.0

80.0

66.5

80,0

972.5

120.0

33.0

L8.0

296.0 190.0 160,0

171.5 34.0 L980.0
1 1.0. 0

87.5

92.5

91.5

18>.5

156,0

3 L24.0
371.5

2 26.0

93.0

4 1240.0

1 98.5

472.0

32. 0

52.5

11..0 172.0

24.0 168.0

l 30. 5

72,0

67. 5

1.12,0
78.5
79.0

23,0

L
.0

122.5

63. 5

66,5

34.5
185.0 480.0

137.5 170.0
26.5

24.5

152,0

188.0
72.0

J.67. 0

41. !


.0
49. 0

54.0
119.0

80,5

13. 0

30.0

58.5

67.!
26.0

97.5

17.5

42.5

64.5
20 L,O

33.0

139.0

37.5
310. 5

295.0

373.0
9!.O

181..0

81.0

122.0
70.5

159.0

85.  .!

218.5

3 16'!.5

218.0

154. 0

348.0
178,0

l89. 0

97. 0

124.0

77.5 155.5

90.0 1030.0

258.0
!.O.! 5

25

2 85.5

84. 5

40.0

52.0

1.62.0 65.0

219.0 1480.0

82.5

22.0

92.0

65.5
70.5

172.0

54,5

38,0

4 94.0

23. 5

323.0
12!.0

3 1050.0

1060. 0

2 2560. 0

397.5

l62.0 42.0

170.0 39,5

288. 5
! 38.0

170.0

139. 5

210. 0

73.5

130. 5

223.0

127 ..'!

169.:!

62.5

L06 0

58.5

111, 5

92.0

93.0

12!,. !

23. 0

325. 5

146.0

220.0

370. 0

400. 0

220.0

468.0

940,0

83.5 204.0
132.0 188.5

175.5 1000.0
X L54-. 5

112. 0

1.5�. 0

49

80.0 79.5

90,0 90.0

43.0
680,0

96.5

215.0

790. 0

X

126.5

170.5
65.0

64.5

4 83,5 148.0 29.0 130,0 X 121.0 l00.0 3!4.0

61.0 72.0 43.0 159.5 X l93,0 340.0 104.'!

MTA � l. 97 ! ON-l'> JAR!! C&sLING SIL'1!IFS � PLKT~ O.!..N= : X 1000!, 8Ã.1 l-,r' ',�-'
 C OrE t 1HL1E' Cl !
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l!KTA � 197!  !iV � HQA: D COO!.TW  STIJDEES � T flAI  'OLIFOR~!, BACTERIA/ LOU ';j ii

TE S'1 N I! <~IRF R

2 3 5 6

I 8 170 340 4IU 330 Z300 68

I I 0 490 28 ! i. !QUO Z70 3500 j 330

ZP I l  >0 540 640 ' I AA 49U 490
-'+~ 330 32!! 640 340 2 L j 230

130 4.0 4900 7900 4<!U 460 160000

jIA 1300 3:!'.! 720 7!.>0 33A 1300

l 4<! !

22UQ 3!jp 6'-!~.!<jp

230 BI AQ

-'i 50 7UA

23UU 130<j

4900

! 3 j ! 8 ip 4 > !

47!! 2 7 l ><!Q
640 33A 3'IUU

220 4900
2 10 a6 j �1>f!A640

480 l. !.! >A.i;! '! >

4900 3 3UU 4 I<j V

? AA 4900

790 240 460 !

270 2!A 4>i  i

1700 24000 22 j! ~

82 23UU 3ZU 64U 13Q j �UUU 490 320 810
2ZQ 1700 490!j 7000 22 � 23 'lp 330 4900 1  i i<!,!Q!

8 ' ij 480 28AU 3-ipp ! 34 j 320 7'jUQ 280 3 ~<!QU

34<j 2.9<jp 7900 24ij !Q 340 43 j!jQ 1700 24000 24<>JQ

23
720 17!� =i40 49UU 290 330 340 I I AA 72 !

2'! '.,�!!! 49U 470 520 ! 700 790 46 j I !QUU 49<!',.'

340 ?4 !OA 640 2 '.AQ '!40 93 170i> 
00

270 340 7!,j� .! I 700!-',j 290 260 2'jp 49> ! .

20

170 41.0 24000 340 7900
4AA 370 1 3AAQ 24 i j':!!'."- 7900

340 1300

2300 4600

L70 4900 L 3000 24000 620 24 ji�0

210 30AA 810 ! '!QUQ 22AA L jp<j!�

360 240!UQ

240 490

110 1700 480 330A 480 400

220 480 290 290 3300 3300

220 240000

21.0 1700

L30 I.LO 1700 170<jP 470 7900 120 4!0

110 40 2!0 3300 ?800 720 230 !i<!Q 2',i'

!8 8KT

>T<j> IR Mo.

6 i >
! -'+0'!

31!!

'i 90

!70

330

93

ZZA

340

330!j

I 0<!

270

! 7 !

3AA

810

2800

22AA

400

>i> A A<!
3 3 pi'!

360

270

2 3 A<!

2300

4900

!70

j !HU

32O

480

490

4'i<!

27U

790

I I >0

1. 70

4 j 0

3!UA

1700

4 j UA

64U

Zt'j 0

3300

410

790 j

430! > !

2300

33PU

2 j<! j

7 9OO
! 10':>

;!   >~ !

I 7',!i>ii'

240<ji!
l< 1

4 i

47!j
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DATA � !.975 ON-BOARD COOLING 8TUDTES - TCfI'AI COLIFOZ'1, BACIERLA/LO!?
  c ~!;!  - .' n.-.re d!

TF.BT ' '.,-:;i3!:.R

13 14 15 16 17
B S K'1'

HOUR UQ. 10 12

68 240000

L8 330
2300 230 170

220 160000 330

93 L70 330
210 18 260

130 160000 410
45 '3 30 I 400

490 L70 450

8 100 I 40 170

270 ZO 3300

170 ! 8 830

2200 49 ! 2! 0

3300 1300 790

:3'300 49 ? 1100

7000 !IOO .3300

790 4900

l70 1700
3 17000

240000

L40 490

170 230

490 36 2 2 !

1300 330 2300

4600 240000

170 !.60000
L! 00

I 6!�00

260 260 220

340 I:300 1100

'35 000

3.'30

I 70:3.'30

40 450

0 700

490

720 83 720

>4000 L100 470

! 70 240000

I 70 810

170 360

56 120
!. LO

490

490 400

950 240
3 Z4000 240 810

24000 640 120

280 1400

420 170
200

480

23
460 810

i�0 220

240 240000
83 240

490 L300 790 2200

1300 790 68 240000

40 810

690 4300
790 290 790

!.7000 270 340

720 68 240000

35000 470 7000

1700

490

2300

790

3 35000 !. 3000 2300

160000 640 4900

2300

2200

49
470 170 3300

330 700 410

340 480 330

2200 700 2200

270

110

260

L30

X 450

X 240000

400 410 490

54000 120 230

460 220 230

92000 170 130

:3200 330 790

4900 l40 330

260 I 10 I I 00

4900 330 310

210 810

I,70 790

X 810

4900 810

X 8300

X 810

1700 43000

L70 X

68 110

170 210

210 700

140 1300

61 I 40

I80 320

1LO 14000

390 2500

93 240000

220 230

210 68

24 0 1.40

93 56

410 340

0 320

20 810

200 130

380 240
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DATA � L975 OV-BOARD COOLING STL.'DIES

FECAL COL,IFORM-BACTERIA/l�0 gr.am'

TE ST iV BRIBER

2 3 4 5 6 7 8 9 10 11 12 13 14 l5

1 0 0 0 45 40 2'.! U C ZU 1 l.0 0 0 0 <! 0 '!

0 0 0 20 20 0 0 0 20 0 0 0 0 0 78 A

0 78 20 ':! 0 20 0 0 0 0 0 0 ! 1<!

0 �0 45 .! 0 45 18 IH 0 0 0 0;!

20 0

0
36 20 I7A 0 0
ZU ~0 I '-< ! 45 2'!

0 2<! ' 0 45 r! 20

.! i! 45 1 30 20 20

0 20

0 0

20 20
0 0

68 r! I 0 45 0 2i!

4! i! 45 45 0 0

I 8 Zr! 4� 170 20 68 0 78 45 78 0 0 78 45 '! U

68 U 0 93 20 A 0 20 0 20 0 0 68 0;!

4A 4'- I I r! 0 r' 8 � 20 0 22 r 0 0 0 .'! r!;8

2<! 4'! 45 0 0 40 l! "0 0 ZU 0 0 0 '3 r! ti8

0 2i! 78  ! 4A A 0 r! 45 0 20 0 4 ! r  i!

0 i! 45 1 8 2 ! i! 0 A 20 20  ! 0 0  l u 0

0 0 20 45 0 0 2 ! 20 0 61 0 LLO 0 20 2r! A

  8 r! ZA i 8 r! <'i ZA ZA ! 490 20 0 0 2 !

0 2 ! 40 78 I 8 U u 20 20 0 0 20 0 Zi! r  ' !

20 20 18 2LO 0 0 0 0 0 20 20 0 0 >! rr r 8

0 78 68 20 40 20 0 20 IH 0 20 0 0 r!  r 1.. !

20  ! 18 45 20 U U 20 0 0 0 0 0 r!  r i,!

4 20 r! 20 1! 0 0 20 0 20 18 78 18

ZU r'! 45 78 2U ZU 2U 0 ZU U 20

0 18 20  !  !

0 20 U 2 J

i 45  ! I L0 I.3u 1LO 120 20 0 140 170 0

0 0 20 78 0 0 40 45 45 140 40

0 0  ! 8 <! '

0 0 45  'i 8

3 40 A 0 78 0 0 0 0 2U 110 20

45 20 130 68 0  ! 0 1LO 0 68 20

0 20 R 20 4<!

20 78 2 4!
49

2 20 0 20 l70 45 0 20 45 68 20 78 20 U r! X r'!

0 Cl 0 45 20 20 0 20 20 45 20 20 20 20 20 'r

U 45 11.0 0 0 0 20 20 45 0 45 ZU 0

20 A 20 IIA 20 0 0 18 0 110 20 0 U

BSRT

Iii!L R VA I

2 !

 ! i!

0 LID 0 0
 r '.! 20 40

ZU 20 U ZU

0 0 45 45

20 4U ZU 68
0 20 20 .'.IA

0 i! !

 i

0 20 i! 0

20 0

� i! 4I!

0 A
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APPENDIX C

Outline Surrrrrraty of Bacterial Analysis
Procedrrres Used in this SCudy



2f>7

j>RC>OEihiR'-':. OUTLI YiE FOR PROCESS INC. SOFT SHELL 0 I.,A,!,'1
FOR BAC'ZERTAL ANALYSIS

W's!r who.1.c' <.l;rrri in tap watet-.

2. Sl;u<. i< rrici" ts ani! sip!ror;is:jril o a pr» � wo.ighec] biender; + 8 c. Lams.
3. Wc igh ] naded b.lender; aimi for 
0 gr<>s o]am tissue including watc.r

For «;»; ' ! 00 .'i.:.' '.: .'.1-"'=-::,'. add 100 m'r buf.: et .

llcimo:.',c n! ~,cr fo:- <i-'.}- 90 sector<de; t iris i no-" a I: 2 d! I titian.
fi. 1! r 1 use! >ia> i >gertat e.'

a. 20 ml:!f 1; 2 !i<::iiogei!ate .r!t <; j]0 mI b'rf fer gives I:10 di1ur .ion.
b. LO ~>I .>f I:10 cli]ut.io>r above !ntn 90 ..::'> buffer gives 1:]00 rliluitiou.

} 0 ir]:i f I: 1� a!>c-;><-' .di iiit!on i;<<<i '3� ml !iu; fr r gii>es 1: !00il <1 i ' iit j <iii

I'ut ?:i} nf 1'! i' n-",<>riait e jn < ao!": nf 1 lie ': <ubes of the first set,
b, ' .<>L i iit, nt I; i 0 !I;i >ut:inn i."ii <. a<:;i .,>'' tli<' 5 tui!ies of t!li.' sc i ii<,'-<!

! '., I n;,' ' .;',1�'ii d:: i ut j.ori .in ea.. Ii <if   lio,i ti>bes <if t!ici t lii i";I
d. I'ut ],r I at .1:1000 dil <it iou in «uah it tlrc' 5 tribes of the tauri..j sot.
V<!> p !lit  <'a<>i'': ':«: . I. ml nf 1:100 att:}::1000, add ta 10 ml li<iui t. !u 1

p '-'i< c'!, ".i i'e r '.iri<- r,'.raiii>at: u .
9 . Slit;,-'.', 'st c  ] i i,:-,i];ic: <!ine;1 i lar c>'Lio < i';.~ t c']> ",,'"'ir> I< <;id<] i t ' o !r>1 I: I 0 �00 ! --1 r I <rt:

], ii:;i; .-,; t; LOt>C> .�.r:-;I }, ] <'i,000 cui 10 mI lic]<>if iec!
61

! 11. Tl> i' I;>i t n'i<> 'I t,}>c-' s >i i e pi est>i'ip '. i ve. L«.' i<' l DY gas Ii roduot ' <!r't
Arri- ~'im:.i'>1'i < of .;as Is j><is i. t rve, N<> Y<l'N <'~'it c> crt. t]il s r!a crit� . Tn< <> !i>! in;i i s
at .37 0.

Li. '<I I pi>a i t 1'.«. ',;:.t.c sc-. tiihei> aire< tran»fer-red bv loop to two addi.t it>nit].
~ I>>c.' i'"i'! ':" ' '! i '.,u> T>i 1 ] ! i a! jt Cpa<'r >3: i '-- so i i<t. i ari !,.Ii<,' nt }lot }'0 8'c'<I i um !«'<'1 ri'-

o if::,I'<! c! i! ut i urn cif ! I o or '< jun I ! i< !risc= sot. Thc Vo1]n.; jr,:.,

.i '= ir! c'«.

IJCT3 � <>;i< I. po; 1 t, l.'e 1; c tnso t u!io: cui -'r st e.: <.ne JJGL] tube, -'! tor -'-ig lu «r s
1:eaii n<rm}.'ei nl j>osr t r ve t'rlios J n ua'.!!. <I.i.l<>I:..i cin set to get I'!1 N n; ' c>t;r]

c>
;,i I I } <ir r>, 1->i < i>-it jn>i js at 37 0.

TC m;:::I j'.rrr< � e;i<'}i pn! it i e !ac r'ns» i . b<:;,eru'.car es one tube at !-:0 ri!:<j !i ..:..
f t el ' li< i'''"''<i «''"''' i< i 'i ''-1'<'' i'l <'j>t r><bd>! !it i n

iit i'« ;> ' i,<il; »; ', ii; i!.iair ii-i; i--; u>

I.'. ';.:.1 os,-:r <; i»o>.}>at o,'- <it 3>  ', i;.c] cit: 8 hic>', rs, An estimate < i l..i,; t:at::.I
iiiir<!l < i nf nn] n '!, .s .".:.,r ea«}' j..i,at r.'. < stc>]i! i sl'i<..i > but s!>ollld o b" <c'>i'<>i>
'30 ":r:c! .'300.

'?, I ii!.1 of,01 <,J L,!;it.i<>ii Rises;>. <]> ]:<1 1<;"n,;- a<>tot of. 1.000,
1> ~ 0 ~ ] t'ai] nl +00] < i !!it. }<in g,i.<>es a i'' i. !i,!.i'..i.<in !},aot.or of 10>000 ~

Vnr ea<:h pla.tr, ho p.}.ate oorrnt -i i.<lue it, obt.sine>i by multi!>j y in, t li<
<.:o l,nr;y -;;<>u» 1 !.>y t}ici <I.i,Iud.>.o<, 5'ri: 1'a i-,

*
The nnmp]etc proc edi.ire for the bc<i-teri a! aria>!Lys t s:I.s a>vai'! ab] -"=- iri 1 he
IIRecotmrrect<]ecj 1'ra<iud;;rci=.s .! a' t]ie !::i<aninat.! ori n f Sc ", Water and

4th c d., 1970. Ame i. i<.:iri T ub I in Heai th Ass<i<..i at:jon,
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